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EXECUTIVE SUMMARY

A Remedial Investigation (RI) was conducted at the Naval Construction Battalion Center
in Davisville, Rhode Island (NCBC Davisville). The RI was conducted by TRC Environmental
Corporation (TRC) as palt of the Department of Defense Installation Restoration Program which
is similar to the U. S Envu'onmental Protection Agency’s (EPA’s) Superfund Program The
NCBC Davisville facility is currently listed on the U.S. EPA National Priorities List (NPL).
‘The facility is located in the northeastern section of the Town of North Kingstown, Rhode
Island, approximately 18 miles south of the state capital, Providence (Figure ES-1).

The Phase I RI (TRC Environmental Consultants, Inc. (TRC-ECI), 1991a) and the Phase
' 1 Human Health Risk Assessment (HHRA) (TRC-ECI, 1991b) present the results of Phase I field
activities and assessment of potential health risks for the following NCBC Davisville sites
- (Figure ES-2):
Site 02 - Battery Acid Disposal Area
Site 03 - Solvent Disposal Area
Site 05 - Former Transformer Oil Disposal Area
Site 06 - Solvent Disposal Area
Site 07 - Calf Pasture Point
Site 08 - Film Processing Disposal Area
Site 09 - Allen Harbor Landfill
Site 10 - Camp Fogarty

Site 11 - Fire Fighting Training Area
Site 13 - Disposal Area Northwest of Buildings W-3, W- 1, T-1

A Phase IT RI is currently underway at the above-listed sites.
This volume (Volume II) presents the results of the Phase I HHRA for Site 09,
describing the »constituents of potential concern (COCs), assessing potential exposure pathways

and constituent toxicity, and characterizing the potential health risks for Site 09. This Phase II

NCBC DAVISVILLE , ES-1 ' HUMAN HEALTH RISK ASSESSMENT
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HHRA incorporates the data collected during Phase I and Phase IT and supersedes the results and

conclusions of the Phase I HHRA. The Phase II RI field activities and data for Site 09 are

provided in Volume I of this report. Volume I of this report presents the Ecological Risk

Assessment (ERA) for the entire NCBC Davisville facility. The ERA evaluates current and

potential future nsksto "biollbg‘i'cai receptors and generally follows the steps included in the

HHRA.

PURPOSE AND METHODOLOGY

The primary objectives of the HHRA are to:

.Examine exposure pathways and constituent concentrations in environmental

media;

Estimate the potential for adverse effects associated with the COCs under current
and future land use conditions;

Provide a risk management framework upon which decisions can be made
regarding what actions, if any, should be taken at the site;

Identify site or land use conditions that present unacceptable risks; and

Provide a basis from which recommendations for future activities at the site can
be made which are protective of human health.

The HHRA follows guldehnes established by EPA in the Supplemental Risk Assessment

Guldance for the Superfund Program, Part 1 - Guidance for Public Health Risk Assessments

(1989Db) and the Risk Assessment Guidance for Superfund (RAGS), Volume I: Human Health

Evaluation Manual (Part A) (1989a).

NCBC DAVISVILLE 3 | ES-4 HUMAN HEALTH RISK ASSESSMENT



HAZARD IDENTIFICATION

COCs have been evaluated and identified for the various media identified at Site 09. The
'ﬁeld investigations were cbnducted in two separate phases and included the collection pf soil gas,
surface soﬁ, subsprface soil, ground water, aqueous seeps/leachate, surface water, and sediment
samples. 'Shellﬁsh" datafrom -a. séparate investigation focusing on sample collection in Allen
Harbor are also included in this HHRA. Constituents observed as a result of these investigations
include volatile organic compounds (VOCs), semi-volatile organic compounds (SVOCs),
dioxins/furans, pesticides, polychlorinated biphenyls (PCES), and inorganics. For each medium,
the validated analytical data 'we're evaluated and organized into a form manageable and
'appropriate for the HHRA using EPA guidance (1989a, 1989b, 1992b). The CQCs are
identiﬁe& on the basis of this évaluation,, and a determination made as to which consfituents

would be addressed qualitatively and/or quantitatively in the HHRA.

DOSE—kESPONSE ASSESSMENT

The toxic effects of each COC are evaluated, including effects associated with exposure
Vand concentrations at which such effects may be expected to occur, when available. For oral
-and inhalation exposure, chronic and sqbchronic non-carcinogenic reference doses (RfDs) and
cancer slope factqrs are identified. In the absence of inhalation toxicity values, oral toxicity
values are used provided that these vaiues are not based on effects evident only at the point of
contact (e.g., stomach‘ tumors foudwing 'ingestion). Oral toxicity values are also used to assess
the potential cancer and non-cancer risks from dermal exposures to cz_ldmium, PCBs, and

tetmchlorodibehzodioxin (TCDD). Differences in oral versus dermal absorption for these

NCBC DAVISVILLE ES-5 HUMAN HEALTH RISK ASSESSMENT



constituents are faken'into account through the use of reiative absorption factors (RAFs) in the
exposure assessment. In the absence of subchrpnic toxicity values, chronic values are used. In
a few instz.mces, toxicity values are also cross-assigned from one constituent to a closely related
co‘nstituent'(e. g slope factor for benio(a)pyrene to the other carcinogenic polynuclear arométic
hydrocarbons (PAHs),; .llflo‘n-cz'm‘c-er -oral RfDs for 4,4’-DDT to 4,4’-DDD and 4,4’-DDE). All
cross-assignments are clearly indicated in this section of the HHRA. In all cases, no more than
one cross-assignment of a toxicity value (constituent to constituent and then oral to inhalation

would be an example of two cross-assignments) is made.

EXPOSURE ASSESSMENT

The expoéure assessment involves consideration of potential receptor populations and
migration pathways by which constituents could pétentially be transported to other media.
Specific exposure scenarios are developed to represent pbtential situations in which humans may
be exposed to on-site constituents.

Potential- human exposure scenarios developed for evaluation .at Site 09 inciude the
following: - |

®  Scenario 1 (Future Construction) - Exposure to adult workers to subsurface soils
: for a one year period assuming construction of commercial or other buildings.
L Scenario 2 (Future Recreation) - Exposure of children and youths (2 to 18 years)
to on-site surface soils and to on-site ground water during showering through
access to recreational areas. Also, exposure of children and youths to surface
water while swimming in Allen Harbor. ' '

° Scenario 3 (Future Shellfishing) - Exposure of future off-site adult residents (30
years as adults) through ingestion of constituents in clams, mussels, and oysters
obtained from Allen Harbor.

NCBC DAVISVILLE ' ES-6 "~ HuMAN HEALTH RISK ASSESSMENT



vThe scenarios selected are based on the.>September 1993 Comprehensive Reuse Plan for the
NCBC Davisville facility (provided in Abpendix B of this report) and are aimed toward
addressing the key media relevant to human health on-site (i.e., surface .soil,- subsurface soil, and
ground water) an_d off-_site (i.e., surface water and shellfish).

Assumptioﬁs u.s:ecvl in evaluating each exposure scenario are deveioped to be conservative
yet representative of current and anticipated future conditions. Uncertainties associated with
these assumptions are addressed for each scenario.

For each COC, a geometric mean and maximum detected concentration is determined.
Using the mean and méximum concenfmtions, constituent exposure doses are quantified for each
COC in each scenario-épeciﬁc pathway. The exposure doses based on maximum concentrations

are referred to as estimates of reasonable maximum exposure (RME) by EPA Region 1.

RISK CHARACTERIZATION

Human health risks are presented with regard to potential effects frorﬁ the COCs. These
effects may include potential risks of cancer or the occurrence of non-cancerous (systemic)
effects. Cancer risk estimates, the lifetime incremental probabilities of excess cancer due to
exposure tp the site constituents, take into account exposure concentrations and the carcinogenic
potencies of the constituents. Cancer risks are calculated by multiplying exposure dose by the
appropriate cancer slope factor for each compound and exposure route. The cancer risk
estimates are presented m scientific notation, whereve.l lifetime risk of 1E-04 represents a ertime

risk of one in ten thousand.

NCBC DAVISVILLE - ES7 HUMAN HEALTH RISK ASSESSMENT




. For determining whether non-cancer health effects may be. a concern, constituent—speéiﬁc
hazard quotients (HQs) are used. HQs are calculated as the ratio of the exposure dose to the
| RfD. The HQs are also presented in scientific-notation, where an HQ of v5E—01 means the

estimated éxppsure dose i§ one-half the RfD. For each pathway, the HQs are summed to
determine the pathv%a& hazard iﬁdéx (HI).

The calculated cancer risks and non-cancer HIs are evaluated using the availablé
-regulatory guidance. The calculated risk is compared to the acceptable lifetime cancer risk range
.(lE-04 to 1E-06) for evaluating the need for remediation, as stated in 40 CFR Part 300 (EPA,

1990b). EPA (1990b) considers a cancer risk of 1E-06 as the point of depa_rture for determining

risk-based remediation goals. For non-carcinogenic risks, a target HI of unity (1E+00) is used.
When the totall HI for an exposed individual or group of individuals exceeds unity, there may
be concern for potential non-cancer health effects. Thus, the cancer risks and non-cancer Hls
that constitute a potential concern are those greater than 1E-06 and greater than 1E+00,
respecti-v.ely.

The estimated cancer risks and non-cancer HIs for each pathway by scenario are
summaﬁzed below and in Tables ES-1 and ES-2, respectively. |

As shown in Table ES-1, estimated cancer risks exceed 1E-06 for at least one éxposure
pathway in each of the three scenarios in the Site 09 HHRA. For Scenario 1 (future
construction), cancer risks exceed 1E-06 for the incidental ingestion of soil pathway only.
Arsenic, beryllium, aﬁd éar‘cinogeﬁic PAHs in soil are associated with individual cancer risks
above 1E-06 (RME only) and thus are the COCs‘ bf primary concermn. TabLe ES-3 provides a

summary of the cancer risks calculated using the toxic equivalency factors (TEFs) for

NCBC DAVISVILLE, ' ' ES-8 HuMaN HEALTH RISK ASSESSMENT



TABLE ES-1
SUMMARY OF CANCER RISKS FOR ALL SCENARIOS
NCBC DAVISVILLE — SITE 09

CANCER RISKS
Scenario 1 Scenario 2 Scenario 3 -
(Future Construction) (Future Recreation) (Future Shellfishing)
Pathway Geometric Geometric Geometric
Mean RME Mean RME Mean RME

Incidental ingestion of soil
Dermal contact with soil
Inhalation of particulates

Inhalation of Volatiles
During Construction

Dermal Contact with Ground Water
While Showering

Inhalation of Volatiles i -
While Showering

Ingestion of Surface Water - - 6E-08 7E-08 - -
While Swimming
Dermal Contact with Surface Water R - 3E-08 3E-08 - -

While Swimming
Ingestion of Clams - T _ -

Ingestion of Mussels - - —_ -

Ingestion of Oysters - - - -

= Cancer risk > 1E-06

ES-9




TABLEES-2

SUMMARY OF NON—CANCER HAZARD INDICES FOR ALL SCENARIOS
NCBC DAVISVILLE - SITE 09

NON—CANCER HAZARD INDICES

Scenario 1 Scenario 2 Scenario 3
(Future Construction) (Future Recreation) (Future Shellfishing)
‘Pamway Geometric Geometric Geometric
Mean RME Mean RME Mean RME
Incidental ingestion of soil 3E-01 4E-02 1E+00 —— -
Dermal contact with soil . 3E-04 6E-03 4E-05 4E-03 - -
Inhalation of particulates 3E-03 2E-02 - - - -
Inhalation of Volatiles 6E-04 - -
During Construction
Dermal Contact with Ground Water - - 1E-03 1E-01 - -
While Showering
Inhalation of Volatiles - - SE-03 - -
While Showering
Ingestion of Surface Water - - 1E-03  2E-03 - -
While Swimming
Dermal Contact with Surface Water - - 2E-04 2E-04 - -
While Swimming
Ingestion of Clams - - - - 3E-02 6E-02
Ingestion of Mussels - - - - 3E-02 4E-02
- - - - SE-02 1E-01

Ingestion of Oysters

ES-10
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TABLEES-3

SUMMARY OF CANCER RISK ESTIMATES FOR SELECTED SCENARIOS

USING TEFs FOR CARCINOGENIC PAHs

NCBC DAVISVILLE — SITE 09

CANCER RISKS (a)
Scenario 1 Scenario 2 Scenario 3
(Future Construction) (Future Recreation) (Future Shellfishing)
Pathway Geometric Geometric Geometric
Mean RME Mean RME Mean RME

incidental ingestion of soil

(a) Determined using toxic equivalency factors (TEFs) for
carcinogenic PAHs; shown only for pathways for which
cancer risks above 1E—06 are estimated for these constituents.

ES-11
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carcinogenic PAHs. As shown, the pathway and individual COC cancer risi(s (RME only) also
exceed 1E-06 when the calculationé are based on these TEFs. The cancer risks estimated for
the remaining three pathways (dermal contact with sbil, inhalation of particulates, and inhalation
of volatileS from soil) under Scenario 1 (future construction) are less than 1E-06. The non-
cancer HIs for,inci‘c‘ler.liz;li ihgésﬁori of soil and inhalation of Qolatiles under Scenario 1 (future
construction) exceed 1E+00 for the RME case. Although no COCs are associated with an HQ

“above 1E+00 for incidental ingestion of soil, the RME HQ for antimony ec;ual's this value. The
RME non-cancer HI for inhalation of volatiles is nearly 100% attributable to toluene. The non-
cancer HIs for the other two pathways, dermal contact with soil and inhalation of particulates, -
are. less than 1E+00.

' For Scenario 2 (future recreation), cancer risks exceed 1E-06 for incidental ingestion of
soil, dermal contact wilth‘s-oil (RME. only), dermal contact with' ground water while showering
(RME only), and inhalation of volatiles from ground water while showering. For soil ingestion,
arsenic, berylliﬁm, carcinogenic PAHs, 2,3,7,8-TCDD, and Aroclor-1260 are associzited with
individual cancer risks above 1E-06 and thus are the COCs of primary concern. With the

| exception’ of benzo(b/k)fluoranthene and 2,3,7,8-TCDD, the individual cancer risks for these
constituents exceeci 1E-06 only under the RME case. Although the mean cancer risk for
benzq(b/k)ﬂuoranthene does not exceed 1E-06 When the calculations are based on the TEFs for
- carcinogenic PAHs, the pathway and individual COC cancer risks (RME only) still exceed 1E-06
(Table ES-3). For.dehnal' exposure, Aroclor-1260 (RME only) is the only COC assoéiated with |
an individual cancer risk above 1E-06. -For derma.l contact with ground water while showering,

an individual cancer risk above 1E-06 is estimated only for vinyl chlon'de.imder the RME case.

N CBC DAVISVILLE‘*-:%‘:;?? ’ - ES-12 - HUMAN HEALTH RISK ASSESSMENT



~ For inhalation of volatiles while showering, three COCs are associated with individual cancer
risks above 1E-06 and include 1,2-dichloropropane (RME only), trichloroethene (RME only),
and vinyl chloride. Cancer risks above 1E-06 are not estimated for incidéntal ingestion of or
dermal coﬁtact witli surface water while swimming.‘ With regard to the non-cancer assessment
for Scénario 2 (fut'lAthAajlleAc.:rea‘ticA)r‘l),. inhalation of volatiles from ground water while showering is
the only pathway associated with a non-cancer HI above 1E+00 (RME only). 1,2-
Dichloroethene contributes almost all of this pathway HI, and is the only COC for which the
non—cancér HQ exceeds 1E+00. The non-cancer HI for incidental ingestion of soil under the
RME case equals 1E+00. The non-cancer HIs for the remaining pathways (dermal contact with
soil, dermal contact with ground water while showering, and incidental iﬁgestion of and dermal
contact with surface water while swimming) are less than 1E+00.

For Scenario 3 (future shellfishing), cancer risks above 1E-06 are estimated for all three
'pathways in?:luding ingest_ion of clams, mussels, »and oysters from Allen Harbor. Arsenic and

Aroclor-1254 (RME only) are the COCs associated with individual cancer risks above 1E-06.

As shown in Table ES-4, the cancer risks for ingestion of mussels from Allen Harbor are less |

than 1E-06 when based on the alternate ingestion rate, while for clams and mussels, tﬁe pathway
cancer risks still exceed 1E-06. Further, arsenic in clams is the only COC with a cancer risk
above the target level. That is, the estimated cancer risks for arsenic in muésels and oysters and
Aroclor-1254 in all three shellfish types né longer exceed 1E-06 when the alternate ingestion

rates are used. The non;cancer HIs for Scenario 3 (future shellfishing) do not exceed 1E+00.

NCBC DAVISVILLE ES-13 HUMAN HEALTH RISK ASSESSMENT



TABLE ES-4
SUMMARY OF CANCER RISK ESTIMATES FOR SCENARIO 3 (FUTURE SHELLFISHING)
USING THE ALTERNATIVE INGESTION RATES
NCBC DAVISVILLE — SITE 09

CANCER RISKS (a)

Scenario 1 Scenario 2 Scenario 3
(Future Construction) (Future Recreation) (Future Shelfishing)

Pathway Geometric Geometric Geometric
Mean RME Mean RME Mean RME

Ingestion of Clams - - — —_—
Ingesﬁdﬁ ‘0'1 Musseis - - - - 9E-08 1E-07

Ingestion of Oysters - -

(2) Determined using alternative ingestion rates for = Cancerrisk > 1E-06
clams (442 mg/d), mussels (13 g/day), and oysters (291 mg/d)

ES-14 ..~



UNCERTAINTY ANALYSIS
The uncertainty analyses for each component of the HHRA identifies the mMajor sources
of uncertainty as follows:

° Assumptions about current and potential future land use; pathways through which
' actual or potential receptors may be exposed; and the magnitude, frequency and *
duration of potential exposures to the environmental media (e.g., soil, water);

o Exclusion of constituents from quantitative evaluation in the HHRA due to lack
of quantitation or missing toxicity data. As discussed, the exclusion of most of
these constituents is unlikely to underestimate the potential cancer risks or non-
cancer HlIs. For carbazole, dibenzofuran, and cobalt in soil, there is some
uncertainty associated with their exclusion as toxicity-based criteria are not
available for these or structurally similar constituents. For lead in soil, the
potential risks may have been underestimated since the RIDEM guidance level of
300 mg/kg and/or the EPA interim cleanup level of 500 to 1,000 mg/kg are

- exceeded for a number of samples;

® The use of models to estimate concentrations of constituents in fugitive dust in
Scenario 1 (future construction) and volatilized constituents in air from subsurface
soil in Scenario 1 (future construction) and from ground water while showering
in Scenario 2 (future recreation). As no HHRA-related guidance is available
from EPA regarding the quantitation of constituent concentrations in air,
considerable uncertainty is associated with the risks estimated for these pathways;

° Data uncertainties due to infrequent detections, limited numbers of samples, or
qualified data (e.g., estimated concentrations, elevated SQLs);

° Toxicity assessment (e.g., toxicity values based on animal data, use of
benzo(a)pyrene toxicity values for other carcinogenic PAHs); and

® Potential interactions between carcinogens and between non-carcinogens which
could lead to increased or diminished carcinogenic responses or toxicity.

®  The cancer risks for Scenario 3 (future shellfishing) are reflective of Allen
Harbor. Given the small number of samples collected near the Allen Harbor
landfill, it is not possible to determine whether or not the estimated cancer risks
are site-related.

The key uncertainties associated with the constituents with cancer Tisks above 1E-06 are

as follows:

NCBC DAVISVILLE ES-15 HuMAN HEALTH RISK ASSESSMENT



] Arsenic in surface soil (SE:enario 2 (future recreation)), subsurface soil
(Scenario 1 (future construction)), and shellfish (Scenario 3 (future shellfishing)):

- Arsenic concentrations in surface and subsurface soil are similar to those
for NCBC Davisville background. :

- Cancer risks for arsenic in surface soil and subsurface soil only exceed
. 1E-06 under the RME (maximum concentration-based) case.

- Arsenic concentrations in Allen Harbor shellfish are similar to those in
shellfish collected or deployed in Narragansett Bay.

- Substitution of the ingestion rate in Narragansett Bay Project (n.d.) with
alternate ingestion rates provided in EPA (1990a) results in cancer risks
for arsenic in mussels and oysters that no longer exceed 1E-06.

®  Beryllium in surfabe soil (Scenario 2 (future recreation)), -and subsurface soil
' (Scenario 1 (future construction)):

- Cancer risks for beryllium in surface soil and subsurface soil only exceed
1E-06 under the RME (maximum concentration-based) case.

° 1,2-Dichloropropane, trichloroethene, and vinyl chloride in ground water
(Scenario 2 (future recreation)):

- Cancer risks for these VOCs only exceed 1E-06 under the RME
(maximum concentration-based) case. The maximum detected
concentrations for these VOCs exceed the next highest concentration as
follows; 4-fold for 1,2-dichloropropane, 16-fold for trichloroethene, and
280- fold for vinyl chlonde

- Use of a model to estimate the air concentrations ‘of VOCs in air while
showering. HHRA related EPA guldance for such estimations is not
available. .

- Use of the oral slope factor for l,i-dichloropropaneA to assess inhalation
exposures to this constituent in the absence of an inhalation slope factor.

® Carcino‘genic PAH:s in surface soil (Scenario 2 (future recreation)) and subsurface
’ soil (Scenario 1 (future construction)):

- Cancer risks for carcinogenic PAHSs in surface soil and subsurface soil
only exceed 1E-06 under the RME (maximum concentration-based) case.

NCBC DAVISVILLE - ES-16 . HUMAN HEALTH RISK ASSESSMENT



Use of the benzo(a)pyrene slope factor for the other carcinogenic PAHSs
overestimates the potential cancer risks by roughly 2-fold.

° Aroclor-1260 in surface soil (Scenarlo 2 (future recreation)), and Aroclor-1254
in shellfish (Scenano 3 (future shellfishing)):

Cancer risks for Aroclor-1260 in surface soil and Aroclor-1254 in

- shellfish only exceed 1E-06 under the RME (maximum concentration-

based) case. Note that the maximum detected concentrations of Aroclor-
1254 in shellfish were reported for samples obtained away from the Allen.
Harbor landfill.

Use of the oral slope factor to assess dermal exposures to Aroclor-1260
in surface soil.

Substitution of the ingestion rate in Narragansett Bay Project (n.d.) with
alternate ingestion rates provided in EPA (1990a) results in cancer risks
for Aroclor-1254 in clams, mussels, and oysters that no longer exceed
1E-06.

The key uncertainties associated with the constituents with HQs above 1E+00 include:

] 1,2-Dichloroethane in ground water (Scenario 2 (future recreation))i

HQs for 1,2-dichloroethene in ground water only exceed 1E+00 under the
RME (maximum concentration-based) case. The next highest
concentration is 55-fold less than the maximum.

Use of a model to estimate the concentrations of 1,2-dichloroethane in air
while showering. HHRA-related EPA guidance is not available for such
estlmatlons

Use of the oral RfD to assess inhalation exposures in the absence of an
inhalation RfD. '

o Toluene-in subsurface soil (Scenario 1 (future construction)):

" “HQs for toluene in subsurface soil only exceed 1E+00 under the RME

(maximum concentration-based) case. The next highest concentration is
six orders of magnitude less than the maximum.

Use of models to estimate the concentrations of tbluéne in ambient air
during construction activities,. HHRA-related EPA guidance is not
available for such estimations. '

NCBC DAVISVILLE - -
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- Use of the chronic inhalation RfD to assess subchronic exposurés during
construction in the absence of a subchronic inhalation RfD.

NCBC DAVISVILLE . ES-18 HUMAN. HEALTH RISK ASSESSMENT



TABLE OF CONTENTS

SECTION PAGE
EXECUTIVE SUMMARY . . ...ttt ittt ettt et e it eian ES-1
1.0 OBJECTIVES OF BASELINE HEALTH RISK ASSESSMENT ........ 1-1
20 METHODOLOGY . ... ... ittt ittt et ettt e e iieeen 2-1
2.1 Hazard Identification . ... .........ouvuurennnn.. e e 2-2
2.1.1 Facility Descriptionand History . .................... 2-2
2.1.2 Data Collection . ................. e e 2-4
2.1.3 DataBvaluation . ... .........iuiivnennnnnn.. L. 27
2.1.4 Selection of Constituents of Potential Concern . ....... . 2-12
2.2 Dose-Response ASSESSIMENt . . . .o vttt t et e e 2-13
2.2.1 Toxicity Information for Carcinogenic Effects ... ... gee.. 2-13
2.2.2 Toxicity Information for Non-Carcinogenic Effects ........ 2-17
2.2.3 Constituents for Which EPA Has Not Developed Toxicity
Criteria . . ..... ... .. ittt i, 2-19
2.3  Exposure ASSESSMENt . . . . . ... v vttt unnnnnn.. SR 2-20
2.3.1 Selection of Exposure Scenarios and Pathways . . .. ... eee. 220
2.3.2 Estimation of Exposure Point Concentrations . ........... 2-22
2.3.3 Estimation of Constituent Exposure Doses . . . .. ... ...... 2-29
2.4  Risk Characterization ............. e e ... 2-38
2.4.1 Quantitative Risk Assessment . . . . . ... ..vvveneen.... 2-38
3.0 SITE 09- ALLEN HARBORLANDFILL . ............0c00u.... 3-1
3.1 Hazard Identification ................... ... ... .. ... . 31
3.1.1 Site Description . ............ e e e e e e 3-1
3.1.2 Data Collection .......... e e et e e 3-2
3.1.3 DataBvaluation . ..............c0iiiiinunennn.. 34
'3.1.4 Summary of Surface Soil Data . . . ... .......oouuunu... 34
3.1.5 Summary of Subsurface Soil Data . . .. ................ 3-6
- 3.1.6 Summary of Ground Water Data . . .................. 3-8
3.1.7 - Summary of Surface Water Data . ....... PP 3-10
3.1.8 Summaryof ShellffishData . ...................... 3-11
3:1.9 Selection of Constituents of Potential'Concern . .......... 3-13
3.2  Dose-Response ASSESSMENt . . . o vv v v e v n i n e 3-15
3.3 EXDOSUE ASSESSIENL . . . . v v v vt e er e et ene e, -3-16
3.3.1 Seléction of Exposure Scenarios and Pathways . .......... 3-16
3.3.2 Estimation of Exposure Point Concentrations ........... . 3-17
3.3.3 Estimation of Constituent Exposure Doses . ....... e e 3-18
3.4 ~ Risk Characterization . .................... e e e e e e e 3-19
3.4.1 Quantitative Risk Assessment . . . ........... e 3-19
3.4.2 Qualitative Analysisof Risks . ... .................. 3-23

NCBC DAVISVILLE _ ‘ HUMAN HEALTH RISK ASSESSMENT



.33

TABLE OF CONTENTS

(Continued)
SECTION PAGE
4.0 UNCERTAINTY ASSESSMENT .............. J 4-1
4.1 Hazard Identification .................. e e e 4-1
4.2 Uncertainties Related to Toxicity Information ................. 4-2
4.3  Uncertainties Related to Exposure Assessment . . . . ............. 4-4
4.3.1 Environmental Sampling and Analysis .................. 4-5
432 Currentand Future Land Use . ...................... 4-7
4.3.3 Exposure Pathways . .............. .. .. ... ....... 4-8
4.3.4 Exposure Parameter Values . ..................... L. 49
4.4  Uncertainties Related to Risk Characterization . . .............. 4-14
50 REFERENCES............ e e e e e e e e e e 5-1
LIST OF FIGURES
FIGURE
2-1 NCBC DAVISVILLE SITE LOCATION PLAN
2-2 NCBC DAVISVILLE SITE LOCUS PLAN
2-3 BACKGROUND SURFACE SOIL SAMPLING LOCATIONS
3-1 SITE 09 - SITE PLAN
32 SITE 09 - PHASE I SAMPLING LOCATIONS
- SITE 09 - PHASE I SAMPLING LOCATIONS _
34 SITE 09 - PHASE II SURFACE WATER SAMPLING LOCATIONS
35 SITE 09 - SHELLFISH SAMPLING LOCATIONS IN ALLEN HARBOR
3-6 SITE 09 - SHELLFISH SAMPLING LOCATIONS IN NARRAGANSETT

. BAY

NCBC DAVISVILLE . HuMAN HEALTH RISK ASSESSMENT



TABLE

| LIST OF TABLES

SUMMARY OF BACKGROUND DATA FOR INORGANICS IN SURFACE
SOIL

SUMMARY OF TOXICITY VALUES ASSOCIATED WITH
CARCINOGENIC EFFECTS: ORAL

SUMMARY OF TOXICITY VALUES ASSOCIATED WITH
CARCINOGENIC EFFECTS: INHALATION

SUIVIMARY OF TOXICITY VALUES ASSOCIATED WITH NON-
CARCINOGENIC EFFECTS: ORAL

. SUMMARY OF TOXICITY VALUES ASSOCIATED WITH NON-

CARCINOGENIC SUBCHRONIC EFFECTS: ORAL

SUMMARY OF TOXICITY VALUES ASSOCIATED WITH NON-
CARCINOGENIC CHRONIC EFFECTS: INHALATION

SUMMARY OF TOXICITY VALUES ASSOCIATED WITH NON-
CARCINOGENIC SUBCHRONIC EFFECTS: INHALATION

SUMMARY OF EXPOSURE PARAMETER VALUES

SUMMARY OF CHEMICAL, PHYSICAL, AND ENVIRONMENTAL

FATE PARAMETERS

SITE 09' 'DATA COLLECTION SUMMARY

SITE 09: SUMMARY STATISTICS FOR CONSTITUENTS ANALYZED

FOR PRESENCE IN SURFACE SOIL

-SITE 09: SUM]\'IARY STATISTICS FOR CONSTITUENTS ANALYZED
' ‘FOR PRESENCE IN SUBSURFACE SOIL

SITE' 09: SUMMARY STATISTICS FOR CONSTITUENTS ANALYZED -

FOR PRESENCE IN GROUND WATER

- SITE 09 SUMMARY STATISTICS FOR CONSTITUENTS ANALYZED
~ FOR PRESENCE IN SURFACE WATER

NCBC DAVISVILLE , HUMAN HEALTH RISK ASSESSMENT



TABLE
3-6

39

3-10
3-11
3-12
3-13

3-14

3-15
3-16

3-17

LIST OF TABLES
(Continued)

SITE 09: SUMMARY STATISTICS FOR CONSTITUENTS ANALYZED
FOR PRESENCE IN SHELLFISH

SITE 09 CONSTITUENTS OF POTENTIAL CONCERN IN SOIL AND
GROUND WATER

SITE 09: RATIONALE FOR EXCLUDING DETECTED CONSTITUENTS
FROM THE HHRA

SITE 09: EXPOSURE POINT CONCENTRATIONS FOR CONSTITUENTS
OF POTENTIAL CONCERN IN SURFACE SOIL

SITE 09: EXPOSURE POINT CONCENTRATIONS FOR CONSTITUENTS
OF POTENTIAL CONCERN IN SUBSURFACE SOIL

SITE 09: EXPOSURE POINT CONCENTRATIONS FOR CONSTITUENTS
OF POTENTIAL CONCERN IN GROUND WATER

SITE 09: EXPOSURE POINT CONCENTRATIONS FOR CONSTITUENTS

OF POTENTIAL CONCERN IN SURFACE WATER

-SITE 09: EXPOSURE POINT CONCENTRATIONS FOR CONSTITUENTS

OF POTENTIAL CONCERN IN SHELLFISH

SITE 09: SUMMARY OF CANCER RISKS FOR ALL SCENARIOS

SITE 09: SUMMARY OF CANCER RISKS FOR SELECTED SCENARIOS
USING TEFs FOR CARCINOGENIC PAHSs

SITE 09: SUMMARY OF CANCER RISKS FOR SCENARIO 3 (FUTURE
SHELLFISHING) USING ALTERNATE INGESTION RATES

SITE 09: SUMMARY OF NON-CANCER HAZARD INDICES FOR ALL
SCENARIOS

SITE 09: SUMMARY OF SITE-SPECIFIC UNCERTAINTIES

NCBC DAVISVILLE HumMaN HEALTH RISK ASSESSMENT



APPENDICES

APPENDIX /
A TOXICOLOGICAL PROFILES FOR CONSTITUENTS OF POTENTIAL
CONCERN
B ~ COMPREHENSIVE REUSE PLAN | o
c SITE 09: SURFACE SOIL, SUBSURFACE SOIL, GROUND WATER,

SURFACE WATER, AND SHELLFISH DATA
.Table

C-1  Surface Soil Data (Including Background Data)
C-2  Subsurface Soil Data
C-3  Ground Water Data
C-4  Surface Water Data
C-5  Shellfish Data
- C-6 .Calculation of Fugitive Dust Concentration :
C-7  Summary Statistics for Constituents Analyzed for Presence in Shellfish
Collected in Narragansett Bay

D SITE 09: EXPOSURE AND RISK ESTIMATES
Table
D-1  Scenario 1 (Future Construction)

D-2  Scenario 2 (Future Recreation)
D-3  Scenario 3 (Future Shellfishing)

NCBC DAVISVILLE ' ' . HUMAN HEALTH RISK ASSESSMENT -



ACRONYM

LIST OF ACRONYMS

DESCRIPTION

B -Boring -

BTEX Benzene, Toluene, Ethylbenzene, Xylene
CLP Contract Laboratory Program

CBC - Construction Battalion Center

CDD Chlorinated Dibenzo-p-dioxin

CDF Chlorianted Dibenzofuran

COC Constituent of Potential Concern

CRQL Contract Required Quantitation Limit
EPA Environmental Protection Agency

EPC Exposure Point Concentration

ERA Ecological Risk Assessment -

ERLN Environmental Research Laboratory at Narragansett
GC/MS Gas Chromatography/Mass Spectrometry
 HEAST Health Effects Assessment Summary Tables
HHRA Human Health Risk Assessment

HI Hazard Index

HpCDD Heptachlorodlbenzo-p-dloxm

HpCDF Heptachlorodibenzofuran -
"‘HQ Hazard Quotient

HxCDD Hexachlorodibenzo-p-dioxin

HxCDF Hexachlorodibenzofuran

IRIS Integrated Risk Information System

K. Octanol-Water Partition Coefficient

Kp . Dermal Permeability Constant

MDL Method Detection Limit

Mw Monitoring Well

NCBC Davisville  Naval Construction Battalion Center in Davisville, Rhode Island
NOSC Naval Oceans Systems Center

NPL National Priorities List

OCDD Octachlorodibenzo-p-dioxin

OCDF Octachlorodibenzofuran

PAH Polynuclear Aromatic Hydrocarbon
PCB Polychlorinated Biphenyl

PeCDD - Pentachlorodibenzo-p-dioxin

PeCDF Pentachlorodibenzofuran

QA/QC Quality Assurance/Quality Control

. RAF Relative Absorption Factor

RAGS Risk Assessment Guidance for Superfund
RfC Reference Concentration

RfD Reference Dose

NCBC DAVISVILLE HUMAN HEALTH RISK ASSESSMENT



LIST OF ACRONYMS
(Continued) -

ACRONYM DESCRIPTION
RI Remedial Investigation , ,
RIDEM - Rhode Island Department of Environmental Management
RME Reasonable Maximum Exposure
SDRC Sample Duplicate Recollect
SRC Sample Recollect
SQL Sample Quantitation Limit
S Surface Soil
SvoC Semi-Volatile Organic Compound
TAL Target Analyte List
TCB Trichlorobiphenyl
TCDD Tetrachlorodibenzo-p-dioxin
TCDF Tetrachlorodibenzofuran
TCLP Toxicity Characteristic Leaching Procedure
TCL Target Compound List
TEF Toxic Equivalency Factor .
TIC Tentatively Identified Constituent
TOC Total Organic Carbon
TP Test Pit
TRC TRC Environmental Corporation
- TRC-ECI TRC Environmental Consultants, Inc.
VOC Volatile Organic Compound
NCBC DAVISVILLE HUMAN HEALTH RISK ASSESSMENT



1.0 OBJECTIVES OF BASELINE HEALTH RISK ASSESSMENT

This report provides the quantitative human health risk assessment (HHRA) prepared by
TRC Environmental Corporation (TRC) for Site 09 - Allen Harbor Landfill, located at the Naval
Construction Baptalion Center in Davisville, Rhode Island (NCBC Davisvﬂle).

The pnmary Ob_]eCthCSOf fhe HHRA are to identify the constituents of potential concern
(COCs) in the environmental media, chardcteﬁzc the potential; (current and future) land uses and
exposure pathways, and estimate the potential for adverse human health effects for the identified
COCs and exposure conditions. The HHRA follows guidelines established by the U.S.
Environmental Protection Agency (EPA, 1989a and 1989b). |

Specific exposure scenarios are considered and developed that represent potential
situations in which humans may be exposed to constituents originating from the site. Efﬁcacy
of specific remedial programs is not included as part of this analysis.

Human health risks associated with the site are presented with regard to potential effects -
from the COCs. These. effects mayvl include potential risks of cancer or occurrence of -
non-cancerous (systemic) effects. A quantitative HHRA for carcinogens involves calculations
 of the lifetime incremental probabilities of cancer that take iﬁto account exposure estimates and
the carcinogenic potencies (i.e., slope factors) for the co(nstituents.v For determining whether
non-cancer health effects may be a concern, constituent-specific hazard qhotients_(HQs) are used
which incorporate the expcsure estimates and the acceptable exposure levels (i.e., the reference
doses (RfDs)) for thel coristituenté. |

- Ultimately, the HHRA presented in this report is expected to pe used within a> risk

management framework. In makiﬂ'g decisions concerning what actions, if é.ny, should be taken
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at a site (including, for example, the collection of additional data or implementation of a
remedial program), the results of the HHRA should be used in concert with other information
on the site. The HHRA identifies whether current or anticipated future land use coﬁditions
present uﬁacceptable ﬁ'sks. The results of the HHRA also identify constituents and exposure
pathways contﬁbufing the gréatest risk to-the receptor populations. From this information,
recommendations for future activities at the site (inéluding remedial alternatives) can be made

such that public health is protected.
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2.0 METHODOLOGY

The HHRA methodology is structured utilizing the most current methods accepted by the
EPA as described in the Regioxi 'I Supplemental Risk Assessment Guidance for the Superfund
Program, Part 1 - Gu1dance for Public Health Risk  Assessments (1989b) and the RlSk
Assessment Gu1dance for Superfund (RAGS), Volume I: Human Health Evaluation Manual
(Part A) (1989a). Where assumptions are made, they are realistic but conservative, i.e.,
protective of public health. In keeping with accepted practices for conducting such assessments,
all'assumptions are carefully diséussed and an assessment made of the uncertainty associated
with the overall health risk estimates.

Following the guidelines accepted by the EPA;, the basic components of the HHRA are

organized and presented for Site 09 of the NCBC Davisville facility as follows:

® Hazard Identiﬁcation;

o Dose-Response Assessment;
»0 ‘Exposure Assessxﬁent;

L - Risk Characterization; and

®  Uncertainty Assessment.
The first four components are discussed generally below. ‘Speciﬁcs for these four components
which relate to the site (i.e., selection of COCs for the site, exposure scenarios considered at
ihe site, and risk characterization results) are provided in Section 3. The uncertainty assessment

is presented in Section 4. .
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2.1  Hazard Identification

_ This section of the HHRA summarizes the nature and extent Qf contamination_ and
identifies the COCs for each medium (e.g., soil, ground water, surface water, and shellfish).
The compbnents of th¢ _hazard identification include a site description, overview of the data
collection, data evaiuafio;l, and éeleéﬁon of COCs. The following provides a general description

of the hazard identification process, with site-specific information provided in Section 3.

2.1.1 Facility Description and History

The NCBC Davisville facility is located in the northeastern section of the Town of North
- Kingstown, Rhode Island, approxifnately 18 miles south of the state capital, Providence
(Figure 2-1). A significant portion of the NCBC Davisville facility is contiguous with
Narragansett Bay. The facility is composed of three areas including the Main Center, the West
Davisville storage area, and Camp Fogafty, a training facility 1ocated approximately 4 miles west
of the Main Center (Figure 2-2). Adjoining the NCBC Davisville facility southern boundary is
the decommissioned Naval Air Station (NAS) Quonset Point which was excessed by the Navy
to the Rhode Island Port Authority (RIPA) in April 1973.
~ Quonset Point was the location of the first amual encampment of the Brigade Rhode
Island Militia in 1893. During World War I, it was a campgroﬁnd for the mobilization and
training of troops and later was the home of the Rhode Island Naﬁonal Guard. In the 1920s and
1930s, it was a sumrﬁer 'resort.A
In 1939, Quonset Point was acquired by the Navy, and construction began in 1940.

During construction, millions of cubic yards of sediment were dredged to create a ship basin and -
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channel. 'Wartime activities at NAS Quonset Point included training aircraft carrier pilots and
c;ews, overhauling aircraft, supplying military equipment and planes, and providing coastal
defense.

By‘ 1942, the operations at NAS Quonset Point had expanded into what is now called the
NCBC Davisville facxhty Iand ét Davisville adjacent to NAS Quohset Point was designated
the Advanced Base Depot, and a pier was constructed. Later that year the Naval Construction
Training Center (NCTC), known as Camp Endicott, was established to train the newly
established construction battaiions. By No‘vember 1942, the camp was at capacity, housing
- 15,000 men and 350 officers. Over 100,000 men were trained at Camp Endicott by the end of
World War II. | |

‘After the war, activities at NAS Quonset Point remained the same, providing an operating
base for aircraft and ships. After 1947, NAS Quonset Point.was the home port of carrier-based
jet squadrons. The Antarctic Deve}opment Squadron Six was moved to NAS Quonset Point in
1956. A Naval Air Rework Fz_tcility (NARF) was created there in 1967. The NARF pérformed :
overhaul and repair work previously handled by NAS Quc;nset Point.

The NCBC Davisville area wa§ inactive between World War II and the Korean Conflict.
In 1951, it béc;.me the Headquafters Construction Battalioh Center (CBC). The CBC lc;aded
ships and trained meﬁ for both the Korean and Vietnam Conﬁicts. In 1974, the NAS and NARF
at Quonset Point were decommissioxied, and operations at Davisvillé were greatly reduced. In
1989, the closure .of Da\)isvi]le was announced, and all operations at Davisville were phased
‘down to the present staffing levels for Public Works, Maintenanc_e,(i Security and Navy

Personnel. The closure of NCBC Davisville will be completed by April 1994,

NCBC DAVISVILLE ‘ 23 HUMAN HEALTH RISK ASSESSMENT



This HHRA addresses Site 09 - Allen Harbor Landﬁll at the NCBC Davisville facility.
A separate volume contains the HHRA for Sites 02, 03, 06, 07, 10, 11,'and 13. The HHRA
for Site 08 has been submitted previously (TRC, 1993). Site 09 occupies approximately 15 acres
on the western side of A]l_en Hafbor. Thé landfill was operated from 1946 to 1972, and containé
wastes generated af thé :NCBC -Davisville facility and the former NAS Quonset Point. Typical
wastes-included preservatives, paint thinners, degreasers, PCBs, asbestos, ash, sewage sludge,

and contaminated fuel oil. A detailed description and site history is outlined in Section 3. -

2.1.2 Data Collection

Phase I

The Phase I sampling at NCBC Davisville was conducted from July 1989 to March 1990.
. As part of this investigation, samples of soil gas, surface soil (<2 feet), subsurface soil (>2
feet), ground water, aqueous seeps, and sediments were collected at one or more of the NCBC _
Davisville sites.

Soil gas samples were collected at a depth of two feet below grade and were analyzed
using modified EPA Mefhod 601 for 12 chlorinated volatile organic compounds (VOCs) and
modified EPA Method 602 for benzene, toluene, ethylbenzene, and xylenes (BTEX). |

Soil samples were collected at the immediate surface (0 to 6 inches), using hand augers
(down to approximgtely four feet), as surface (0 to 2 feet) and subsurface (> 2 feet) borings, and
as surface (0 to 2 feetj and subsurface (>2 feet) test pit samples. Soil samples were analyzed
for the Target Compound List (TCL) and the Target Analyte List (TAL). ,:Selected soil samples

were also analyzed using the Toxicity Characteristic Leaching Procedure (TCLP).
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Ground water samples were collected from existing and newly installed wells. Unfiltered
and filtered ground water samples were obtainéd from each well. | Gréunci water samples were
analyzed for TCL, TAL, and cyanide. |

Aqﬁeous seep or leachate samples were collected using 4 ounce glass jars and aﬁalyzed
for TCL, TAL, and cyamde The sediment samples were obtained using a stainless steel ladle
and were analyzed for TCL, TAL, total petroleum, and/or hydrc;carbon's depending on.the site.

Phase I sainple analyses were conducted by Compuchem Laboratories, Inc. in Research

Triangle Park, North Carolina.

Phase IT

The Phase II sampling at NCBC Davisville was conducted from May 1993 to July 1993.
During this invéstigatidn, samples of surface soil (=2 feet), subsurface soil (>2 feet), ground
water, surface water, and sediments were obtained at one or more of thé NCBC Davisville sites.

Surface soil samples were collected at intervals of 0 to 1 foot, 0.5 to 1 foot, and O to 2

| feet below gmde. Subsurface soil samples were collected at intervals beginning at 2 feet below

grade, with depth to the water table at each site determining the deeper end of the mgewals.
Soil samples “}ém generally aﬁalyzed for TCL, TAL, and cyanide. Selected soil samples were
also analyzed for total organic carbon (TOC), acid volatile sulfides, total chloride, archived
dioxins/furans, sulfides, and TCLP.

Ground wafer Samjﬂes were consistently analyzed for TCL, TAL, and cyanide. Selected

gmimd water samples were also analyzed for total chloride.
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-

Surfac_e water and sédiment samples were typically analyzed for TCL, TAL, cyanide,
with selected analyses for TOC and acid. volatile sulfides.

Phase II sample analyses were conducted by Pace in Hampton, New Hampshire,
Geotesting .Express in Concord, Massachusetts, or Compuchem Laboratories, Inc. in Research

Triangle Park, Noﬁh Cé.rolina.

Shellfish
Shellfish sampling was conducted in Allen Harbor 'and N@g@seﬁ Bay in three phases
from November 1988 to October 1991.' The studies were céllaborative efforts by the Naval
Ocean Systems Center (NOSC) and the EPA Environmental Research Laboratory at Narragansett
- (ERLN) (NOSC, 1991; EPA, 1993c, 1994). Four indigenous species were collected including
hard-shell clams (mefcenaria mercenaria; quahogs), soft-shell clams (mya arenaria), ribbed
mussels (modiolus demis&us), and oystérs (crassostrea virginica). Blue mussels (mytilus edulis)
were deployed in cages. The samples were generally collected as composites, with more than
one composife typically obtained from a given station. The resﬁlting samples were analyzed for
inorganics, SVOCs (primarily PAHs), pesticides/PCBs, and butyltins. With the excgption of
the butyltin analyses, the shellfish samples were analyzed by the ERLN. The butyltin analyses
were performed by the NQSC facility in San Diego, California. Since the butyltin results are
more relevant from an ecological rather than a human health berspective, these data .are not
included in the I-IHRA Also note that since ribbed mussels are not generally eaten, the data

associated with this species are also not included nor discussed further in the HHRA.
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2.1.3 Data Evaluation

In order to organize the validated Phase I and Phase II RI data into a form manageable

and appropriate for the baseline HHRA, TRC performed the steps outlined below. The

vahdatlon of Phase I RI data was performed by TRC as part of the Phase I RI (TRC-ECI,

1991a, Volumel, Append1x D). Heartland Environmental Services, Inc. conducted the validation

of Phase II RI data for Site 09 (ground water only), while Weston Analytics in Lionville,

Pennsylvania conducted the validation of Phase II soil data for Site 09. The steps described

below were conducted as part of the HHRA and are consistent with current EPA guidance

(1989a, 1989b, 1992b).

1)

2)
3)

4)

5) |
6)
7
8)
)

10) |

11)

12).

Gather and sort all data by medium (i.e., surface soil, subsurface soil, ground
water, surface water, shellfish);

Evaluate methods of analysis;
Evaluate the data qualifiers and codes;

Evaluate blank data (done for RI data during data validation performed prior to
HHRA);

Evaluate duplicate data,

Evaluate sample recollect data,

Evaluate the sample quantitation limits (SQLs);

Evaluate tentativelyA identiﬁed eompounds (TICs);

Evaluate background data (performed durmg selection of COCs);
Con51der any add1t10nal factors;

Develop datasets by medium; and _

Develop a set of COCs from the entire dataset for each medium.
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Briefly, the general methods used for organizing and evaluating the NCBC Davisville

_data for use in the HHRA, which correlate with the previously described steps, include the

following:

1)

2)

3)

All analytical data was initially sorted by media. Surface soil is defined as Phase
I soil samples taken at the 0 to 0.5 and 0 to 2 foot intervals, and Phase II soil
samples taken across the 0 to 1, 0.5 to 1, and O to 2 foot intervals. Soil samples
taken from the 2 to 10 foot interval are considered subsurface soil samples.
Surface water, clam, blue mussel, and oyster samples collected from Allen
Harbor are also included in the HHRA.

An evaluation of analytical methods was not considered hecessary as all RI data
used were analyzed by EPA’s Superfund Contract Laboratory Program (CLP)
procedures.

The shellfish data were obtained using the quality assurance/quality control
(QA/QC) plan prepared by Gleason and Mueller (1989; as cited and discussed in
NOSC (1991)). These data are included in the HHRA per a request by
EPA/RIDEM and are not evaluated here with respect to comparability to EPA’s
CLP protocol.

Data validation qualifiers are also assessed during the data evaluation process.
As indicated in EPA guidance (1989a, 1989b, and 1992b), unqualified data and
data qualified with a "J" qualifier are treated as detectable concentrations. ' Data
qualified with "UJ" or "U" qualifiers are treated as non-detectable concentrations.
As described in 7) below, non-detects are assigned a value equal to the SQL or
one-half the SQL. With the exception of data qualified with an "R" or data for
constituents not detected in any medium, all data are included in the HHRA. As
described by EPA (1989a, 1992b), "J", "U", and "R" qualifiers are defined as
follows: -

" - Value is estimated, either for a TIC or when a constituent is
present but the value is less than the contract required quantitation
limit (CRQL). Data qualified as estimated may be biased high or
low (i.e., may overestimate or underestimate the actual
concentrations). '

U - Constituent was analyzed for, but not detected. The value reported
in the NCBC Davisville datasets corresponds to the SQL.

Ut - Constituent was analyzed for, but not detected. The "J* qualifier

signifies that the SQL is estimated.
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"R" - Quality control assessment indicates the data are unusable and are
therefore rejected for use in the HHRA. Both the presence and
concentration of the constituent are uncertain.

Note: EPA (1992b) refers to EPA (1989a) for a continued dlSCUSSlOIl on the

potential use of quahﬁed data in risk assessment.
\

i

4 Field and laboratory. blanks are used to segregate actual site contamination from
cross contamination from field or laboratory procedures. Blank contamination is
an important indicator of false positives (i.e., reported detection of a constituent
that is not actually present). As indicated in EPA (1989a, 1992b), sample results
are considered positive only if concentrations exceed ten times the concentration
of a common laboratory contaminant in a blank, or five times the concentration
of a constituent that is not considered a common laboratory contaminant. If less
than five or ten times the blank concentration, the constituent is treated as’
non-detected in that sample and, per EPA Region I (1988b and 1988c), the SQL
assumed to be equal to the value reported initially for the sample. Validation of
Phase I data using all blanks (laboratory, trip and field) was conducted by TRC

as part of the Phase I RI (TRC-ECI, 1991a; Volume I, Appendix J). Validation -

of Phase II data using all blanks was conducted by Heartland Environmental
. Services, Inc. for Site 09 (ground water only) and by Weston Analytlcs for
Site 09 soil samples. . "

According to the Phase I shellfish report (NOSC, 1991), one blank sample was
analyzed for approximately every six samples. None of these blanks contained
"significant amounts (more than 10% of the lowest measured concentration) of
~ the compounds of interest” (NOSC, 1991). The same QA/QC procedures
regarding blanks were used in the Phase IT and IIT analyses (EPA, 1993c, 1994).
No further consideration of blanks for the shellfish data is included in the HHRA.

5) Sample and duplicate data are compared and a determination made as to whether
these data should be averaged. Sample and duplicate sample concentrations are
averaged if the two values are within 35% of each other for soil and 20% for

- water. Otherwise, the sample concentration is used. The difference between the
sample and duplicate concentrations is estimated as:

Relative . |Sample; Duplicate |
Percent = = ' x 100%
Difference - Average-

For the shellfish data, laboratory duplicates (i.e., those samples with the same
sample identification number but different chemistry identification numbers or
replicate numbers) as provided for inorganics are averaged, with no criterion for
~ averaging applied. Multiple composite samples for the same species, station, and
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6)

date are identified by different sample identification numbers and treated as
separate samples in the shellfish dataset.

Sample recollection data are also evaluated as part of the overall data evaluation.
Since sample recollect (SRC) and duplicate sample recollect (SDRC) data are
typically obtained as a result of quality control parameters not being met in the
initial sample analysis, the recollection data for a sample are used in place of the
original data for that sample. Similar to the approach for duplicates described in

" 5) above, either the SRC concentration or the average of the SRC and SDRC

concentrations is used depending on the variability between the two values.
Specifically, the SRC and SDRC values are averaged if the two values are within
35% of each other for soil and 20% for water. Otherwise, the SRC concentration

- is used. Note that there are no SRC and SDRC data for shellfish.

Although non-detects with extremely high SQLs may be removed from datasets
(EPA, 1989a), these non-detects are retained for the purposes of this HHRA
based on the bias towards sampling in areas of suspected contamination during
the Phase I and Phase IT sampling programs. As described by Region I (EPA,
1989b), non-detects in samples from a biased sampling program have a greater
probability of being contaminated than non-detects from an unbiased program.
In calculating exposure point concentrations, a value of one-half the SQL is
assigned to non-detects with extremely elevated SQLs. SQLs which are ten times
the "normal" SQL are generally considered extremely elevated. For example,
given a "normal" SQL of 330 ug/kg for semi-volatile organic compounds
(SVOCs) in soil, an SOL of 33,000 ug/kg would be considered extremely
elevated, while an SQL of 500 ug/kg would not be con51dered extremely
elevated.

For other non-detects (i.e., those without unusually high SQLs), a value of either
the SQL or one-half the SQL are assigned. If a constituent was likely to be
present below the SQL, then a value of one-half the SQL is assigned to the

_non-detect. A value equal to the SQL is used for constituents likely to be present

at concentrations close to or greater than the SQL. The decision to use the full
SQL or one-half the SQL is based upon the extent and degree of contamination
within each medium and potential for migration between media. As a general
rule, a constituent is considered likely to be present below the SQL when the
detected concentrations are two or more times below the SQL.

For the shellfish data, ‘method detection limits (MDLs), as provided in the Phase

I report (NOSC, 1991), are used in the absence of SQLs. This approach was
discussed and agreed to by Mr. Robert Johnston of NOSC ((NOSC, 1994). Mr.

-Johnston also provided an MDL of 0.29 mg/kg for arsenic as one was not
included in the Phase I report.
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8) TICs are constituents which are reported in the analytical data results, but for
which the laboratory equipment (i.e., gas chromatography/mass spectrometry
(GC/MS) instrument) was not specifically calibrated. TICs are evaluated with
regard to the number reported, the estimated concentrations, and the likelihood
of their presence at the site based on site history. Since the identification,
presence, and concentrations of TICs are uncertain, these constituents are not
included in the quantitative assessments of exposure and risk. The TIC data are
d1scussed in Sectlon 3.

9) . An addmonal data evaluation factor is the Phase I data for bis(2-
ethylhexyl)phthalate in ground water. As described below, the detection of this
constituent in Phase IT ground water samples at elevated concentrations is believed
duetoa modlﬁcatlon in sampling method rather than its actual presence in ground
water.

Tygon™ tubing was obtained for use in the peristaltic pumps instead of the
approved silicon tubing. This was not detected until after TRC had mobilized
into the field. A decision was made to proceed with ground water sampling using
the Tygon™ tubing in the peristaltic pumps. Silicon tubing was ordered and the
ground water sampling proceeded. The silicon tubing arrived at the end of the
first week of ground water sampling and was used exclusively during the second
week of ground water sampling.

Upon receipt of SVOC ground water data the following trend was noted. All
ground water samples collected using the Tygon™ tubing in the peristaltic pump
detected bis(2-ethylhexyl)phthalate. TRC believes that bis(2-ethylhexyl)phthalate
leached from the Tygon™ tubing. The low flow ground water sampling technique
used required that the outflow from the peristaltic pump be throttled down to
<500 ml/minute. The low flow caused the Tygon™ tubing in the peristaltic
pump to heat up. The increased heat of the tubing along with longer contact time
with the ground water allowed high concentrations of bis(2-ethylhexyl)phthalate
to leach into the ground water samples.

The presence of bis(2-ethylhexyl)phthalate in the ground water is attributed to
sampling contamination rather than physical contamination of the aquifer.. For
this reason, the bis(2-ethylhexyl)phthalate data for the samples in question are
excluded from the quantitative HHRA.

100 A total of seven background soil samples were collected durmg Phase II (see
Figure 2- 3) These background samples were collected in unimpacted areas
located as close to Sites 02, 03, 05, 06, and 07 as possible. Identification of
areas at or near each site that have not been impacted by activities at NCBC
Davisville was made on the basis of historical- aerial photographs. The
concentrations of inorganics in the NCBC Dayisville background samples are used
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as a screening method to evaluate whether these constituents in on-site soils are
naturally occurring or of anthropogenic origin. Constituents of anthropogenic
origin (i.e., present as a result of human activities) may or may not be site-

- related. An inorganic is excluded from the HHRA if 95% or more of the
detected concentrations fall below the maximum background concentration
reported for the NCBC Davisville facility for that constituent. Table 2-1 provides
the range of concentrations for each inorganic constituent at NCBC Davisville.
For comparison, the ranges for background levels in eastern U.S. soils are also
provided. As shown, the maximum detected background concentrations at NCBC
Davisville consistently fall below those reported for eastern U.S. soils. Organic
constituents present in background samples are not considered naturally occurring
and are not used to evaluate the presence and concentration of organics in site
samples (EPA, 1992b). Background ground water and surface water data for the
NCBC Davisville facility or national/regional data are unavailable.

As indicated previously, reference shelifish samples were collected from
Narragansett Bay. While the reference data are not used in the selection of
COCs, these data are used in the uncertainty section to qualitatively evaluate the

cancer risks and non-cancer Hls estimated for shellfish from Allen Harbor.
11)  Tables providing summary statistics (i.e., frequency and range of detects) for
constituents detected in surface soil, subsurface soil, ground water, surface water,
and shellfish are provided in Section 3. Summary statistics for other media (e.g.,
sediment) are not provided since these media are not evaluated quantitatively in

the HHRA.
2.1.4 Selection of Constituents of Potential Concern

A number of general factors are considered in selecting the. COCs for each medium.
These factors include: (i) detection frequency, (ii) comparison to available background data
(inorganics in soil only), and (iii) essential nutrient status. The purpose of the selection prbcess
is to identify the site-related constituents which are likely to-contribute significantly to the
estimates of risk.” Constituents in a medium are excluded from further consideration in the

HHRA based on one or more of the following:

L -The constituent was not detected, or if detected, was found at a frequency less
than 5%. If fewer than 20 samples were collected for a constituent in the
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medium under consideration, a single detection leads to the inclusion of this
constituent as a COC. ‘

. 95% or more of the detected concentrations of inorganics fall within the range
reported for the NCBC Davisville facility. Note: the ranges of facility
background concentrations are consistently within those reported for eastern U.S.
soils.

° The constituent is an essential nutrient (i.e., calcium, iron, magnesium,
potassium, sodium). ‘ ' .

Detailed rationale are provided in Section 3 for detected constituents which are excluded from

the HHRA.

2.2  Dose-Response Assessment

This section presents information on the non-carcinogenic and carcinogem'é effects
associzﬁed with the identified constituents of potential concern. If available, non-cancer and
cancer toxicity values from EPA’s (1993a) Integrated Risk Information System (IRIS) database |
or EfA’s (1993b) Health Effects Ass;essment Summary Tables (HEAST) are used. For those
constituénts without the above mentioned toxicity criteria, a qualitative discussion of risk is
| provided in Section 3. The cancer and non-ééncer values used for constituents of potential
concern in the HHRA are presented in Tables 2-2 to 2-7. Appendix A provides brief toxicity

~profiles which summarize the bases for these values.

2.2.1 Toxicity Information for Carcinogenic Effects

For potential carcinogens, risks are estimated as probabilities. The compound-specific
slope factors for carcinogens (ili units of (mg/kg-d)“) are generally estimated through the use

of mathematical extrapolation models (e.g., the linearized multi'stage- model). These models
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estimate the largestl possible linear slope, within a 95% confidence interval, at low extrapolated
doses. Thus, the slope factor is characterized as a 95% upper-bound estimate, such that the true
risk is not likely to exceed the uppér—bound estimate and may be lower-. In addition to
identifyiﬂg cancer slope factors, the EPA classifies constituents with regard to their relative

carcinogenicity. The Elassiﬁcation scheme is as follows (EPA, 1992a):

Classification o _ Basis

Group A Sufficient evidence of carcinogenicity in humans.
Human Carcinogen

Group Bl ~ Limited evidence in humans.
Probable Human Carcinogen '

Group B2 Sufficient evidence in animals with inadequate or
Probable Human Carcinogen lack of evidence in humans.

Group C Limited evidence in animals with inadequate or
Possible Human Carcinogen lack of evidence in humans.

GroupD . . Inadequate or lack of evidence.

Not classifiable as to
Human Carcinogenicity

Group E No evidence in adequate studies.

Evidence of Non-carcino- :

genicity for Humans

Tables 2-2 and 2-3 summarize the available toxicity data for carcinogenic effects related
to oral and inhalation exposures, respectively. For each COC, the tables contain the available
cancer slope factors, EPA’s weight-of-evidence classification, the type of cancer, and the source
of the cancer slope factor. In the absence of inhalation slope factors, oral slope factors are

cross-assigned to inhalation provided that the oral slope factors are not based on contact site

tumors. For éssessing the pofenﬁal risks from dermal exposure to polychlorinated biphenyls
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(PCBs) and tetrachlorodibenzodioxin (TCDD) (the only carcinogenic constituents for which the
derxhal pathway is evaluated), the available oral slope factors are used. As discussed further in
Section 2.3'.3, the assessment of dermal exposures to these constituents incorporates the use of
relative abéorption facto;; .(RAFs) per Region I guidance (EPA, 1989b). RAFs take into account
the difference in absoiﬁtion béfwéen the exposure pathwaysv and mediums of interest in the
HHRA and the pathway and medium used in the laboratory study from which the toxicity values
were derived. The RAFs used to assess dermal exposures to PCBs and TCDD are based on the
dermal absorption values provided in EPA’s (1992c¢) dermal exposure assessment guidance and
4on whether the oral toxicity values are expresséd in terms of intaké or absorbed dose. As
indicated by Region I (EPA, 1989b), the cancer slope factor for benzo(a)pyréﬁc is assigned to |
the other carcinogenic polycyclic aromatic hydrocarbons (PAHs) evaluated in the HHRA. For
comparison purposes, cancer risks are also estimated using ICF-Clement’_s (1987) toxic

equivalency factors (TEFs) for carcinogenic PAHS as follows:

Constituent ' TEF
Benzo(a)pyrene 1.0
Benzo(a)anthracene ' 0.145
Benzo(b)fluoranthene : 0.140
Benzo(k)fluoranthene : 0.066
Chrysene : 0.0044
Dibenzo(a,h)anthracene ' 1.1
Indeno(1,2,3-cd)pyrene) - 0.232 -

These TEFs are multiplied by the oral slope factor for benzo(a)pyrene to estimate constituent-
specific oral slope factors. All crosé-assignments are cleérly noted in Tables 2-2 and 2-3. In
all cases, no more than one cross’-assignnient of a toxicity value (e.g., oral to inhalation,

constituent to constituent) is made. Standard assumptions about breathing 'rate (20 m*/d) and ‘
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“body weight (70 kg) are used to convert inhalation slope factors expressed in (mg/m®)* to urﬁts
of dose (i.e., (mg/kg-d)™?). |

For assessing potential risks associated with éxposures to dioxins/furans, EPA’s (1989d)

TEFs are ﬁsed and include: a

Constituent ' - - TEF

Mono-, Di-, and Tri- CDDs: ) 0
TCDDs: 2,3,7,8- 1
Other ' 0
PeCDDs: 2,3,7,8- 0.5
Other - 0
HxCDDs: 2,3,7,8- ' 0.1
Other 0
HpCDDs: 2,3,7,8- 0.01
Other 0
OCDD: ' 0.001
Mono-, Di-, and Tri- CDFs: 0
TCDFs: 2,3,7,8- ’ 0.1
~ . Other . 0
PeCDFs: 1,2,3,7,8- _ 0.05
2,3,4,7,8- ~ 0.5
Other 0
HxCDFs: 2,3,7,8- : ‘ 0.1 -
Other 0o
HpCDFs: 2,3,7,8- 0.01
' Other 0
OCDF:. ' 0.001
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In this HHRA, these TEFs are incorporated into the equsuré assessment such that the EPCs for
dioxins/furans are expressed in terms of 2,3,7,8-TCDD toxic equi?alents. That is, the TEFs-
are multiplied by the congener-specific concentration data and the resulting productS summed.

The EPCs for 2,3,7,8- TCDD toxic equivalents are then combined with the slope factors for
©2,3,7,8-TCDD to estlmate the potent1a1 risks associated with exposures to d10x1ns/furans at the-

site.

~ 2.2.2 Toxicity Information for Non-Carcinogenic Effects

The evaluatioﬁ of risk from-exposure to non-carcihogensv is based on the use of RfDs.

RfDs have units of mg/kg-d, and are estimates of daily exposure to the population (including
sensitive subpopulations) thal are likely to be without appreciable risk of deleterious effects for
 the defined exposure period (subchronic or chronic). The RfD is calculated by dividing the no
adverse effect level (NOAEL) or lowest observed adverse effect level (LOAEL) derived from

ammal or human studies by an uncertéinty factor, which is multiplied by a modifying factor.
RIDs incorporate uncertainty factors which serve as a conservative downward adjustment of the

numerical value and reflect scientific judgment regarding the data used to estimate the RfD. For

example, a factor of 10 is used to account for variatlons in human sensitivity (i.e., to protect

sensitive subpopulatlons) when the data stems from human studies~involving'averagé, healthy

subjects. An add1t10na1 factor of 10 may also be used for each of the followmg

® extrapolatlon from chromc animal studies to humans,
L extrapolation from a LOAEL to a NOAEL, and
° extrapolation from subchronic to chronic studies.
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Finally, based on the level of certainty of the study and database, an additional modifying
factor (between zérq and ten) may be used. In establishing an RfD, the EPA assigns it a level
of confidence: low, medium, or high.
| ' Thé toxicity data for non-carcinogenic effects associated with oral and inhalation

exposures are summanzedm 'i‘zliblies 2-4 through 2-7. Included in these tables are the available
RfDs, EPA’s confidence level in the RfD, the critical effect, the source of the RfD, and the
uncertainty and modifying factors used in setting the RfD. In the absence of inhalation RfDs
for a constituent, the oral RfDs are cross-assigned to inhalation provided that the effects from
oral exposure were systemic (i.e., not eVident at the point of contact). For evaluating the
- - potentiai non-cancer risks from dermal exposures to cadmium (the only non-carcinogenic
constituent for which the dermal pathway is evaluated), the available oral RfDs are used. As
discussed further in Section 2.3.3, the assessment of dermal exposures to cadmium incorporates
the use of a RAF per EPA Region I guidance (EPA, 1989b). RAFs take into account the
difference in absorption between the exposure pathways and mediums of interest in the HHRA
and the pathway and medium used in the laborafory study from which the toxicity values were
derived. The RAF used to assess dermal exposures to cadmium is based on the dermal
absorption vaiue provided in EPA’As dermal exposure assessment guidance (EPA, 1992¢) and on
fvhemer the oral toxicity values are expressed in tenﬂs of intake or absorbed dose. For
Scenario 1 (future construction), subchronic RfDs (if available) a.re used to estimate risks since
the exposure durat.ion. is considered subchronic (i.e., <7 years). In the absence of subchronic
RIDs, chronic RfDs are used as available. In addition, non-cancer toxicity values may be cfoss-

assigned from one constituent to another. An example is the use of the oral RfDs for gamma-

NCBC DAVISVILLE ‘ . 2-18 HUMAN HEALTH RISK ASSESSMENT




BHC for alpha- and beta—BHC. All cross-assignments are clearly noted in Tables 2-4 throﬁgh
2-7. In all cases, no more than one cross-assignment of ; toxicity value (e.g.? ofal to inhalation,
chronic to subbhronic, constituent to constituent) is made. Standard assumptions about breathing
rate (20 nP/d) and body weight (70 kg) are used to convert reference concentrations (RfCs)

expressed in mg/m'3 t.oﬁ:uflits of ddse (i.e., mg/kg-d).

2.2.3 Constituents for Which EPA Has Not Developed Toxicity Criteria
- Constituents for which EPA (1993a, 1993b) has not developed toxicity values are

excluded from the quantitative risk characterization. The Site 09 COCs for which EPA toxicity
values are unavailable are identified in Section 3. With the exception of lead, a qualitative risk
evaluation for these constituents is also provided in Section 3. For lead, the following approach

is used in the absence of EPA toxicity values.

Lead

EPA (1993a,b) toxicity values have not been estabﬁshed for lead. For the purpose of
evaluating lead-relatgd risks at NCBC Davisville sites, an alternative approach is considered.
Potential risks from lead exposure at a site are assessed using the "Interim Guidance on
Establishing Soil Léad Cleanup Lévels at Superfund Sites" which proposes an interim soil
cleanup level for total lead at 500 to 1,000 mg/kg (OSWER Directive #9355.4-02; September 7,
1989) (i.e., EPA, 1‘9'89<;).' It should be emphasized that this guidance document suggests levels -
that are considered protective for direct contact at resideﬁ_tial settingst | ThlS guidance is not

considered to be used as a regulation. In the absence of other EPA toxicity 'Values, the guidance
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is used to evaluate soil lead levels at NCBC Davisville sites, even though the Comprehensive
Reuse Plan, Davisville NCBC, Devel_opme;lt‘Reuse Scenarios (September 1993) (see Appendix B
of this report) indicates that no residential areas are included in the land reuse plan. This
guidance ilas been interpreted to mean that any on-site .surface soil or subsurface soil samples
with a detected le'adA ;()r.lcen.tr.a-tio-n within dr below the 500 to 1,000 mg/kg range would be
acceptable regarding potential impacts to human health. The concentrations of lead in on-sitev
soil are also compared to the Rhode Island Departmehf of Environmental Management (RIDEM)

 guidance level for lead in soil of 300 mg/kg.

2.3 Exposure Assessment

An exposure assessment i) identifies the exposure scenarios and pathways of interest,
ii) calculates the exposure point concentrations used in quantifying constituent exposures, and

iii) estimates the constituent-specific exposure doses for each pathway and scenario.

2.3.1 Selection of Exposure Scenarios and Pathways

The most critical aspect of a technically sound exposure assessment is the identification
of exposure routes, together with the identification of human receptors. Site-specific discussions
of current and f)otential future receptors and land uses at Site 09 are provided in Section 3.
Exposure scenarios and pathways were chosen based on thé Comprehensive Reuse Plan,
Davisville NCBC, Dévélbpment Reuse Scenarios (Septembér 1993) provided in Appendix B.

As discussed in the plan, Allen Harbor is slated for rec;efltion/conservation or

government support use. Residential development is not included in the lahd reuse plan for this
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area ut NCBC Davisville, and is therefore excluded from further consideratiorl in the Phase I
HHRA. |
Although’not explicitly speciﬁed in the land reuse plan, another land use considered for
the Phase I HHRA for each NCBC Davisville site includes future construction activities. Each
of the proposed scenarios (1 e., construction, recreation, shellfishing) are selected for inclusion
in the Phase Il HHRA and described below. |
Scenario 1 (Future Construction

This scenario considers future exposures of on-site construction workers. Construction
workers may be exposed to site constituents during future construction of commercial
buildings or recreational facilities at an NCBC Davisville site. This scenario is also
intended to address potential outdoor worker exposures from other activities (e.g., utility
work). Exposures to construction workers are assumed to occur through incidental
ingestion of and dermal contact with subsurface soil, and through the- inhalation of
suspended subsurface soil particulates and inhalation of volatiles (from subsurface soil).
This scenario was evaluated in the Phase I HHRA for all sites.

Scenario 2 (Future Recreation)

This scenario evaluates exposure to children and youths (2 to 18 years) using this site
assuming it has been developed into a recreational area. Exposures to area residents who
visit the site are assumed to occur through incidental ingestion of and dermal contact with
surface soil; dermal contact with ground water and inhalation of volatiles (from ground
water) during showering; and incidental ingestion of and dermal contact with surface
water while swimming. Although the Phase I HHRA considered exposures to
trespassers, it did not evaluate a recreational scenario.

Scenario 3 (Ijuture Shellfishing)

Exposures of off-site adult residents through the ingestion of shellfish (i.e., clams,
mussels, and oysters) are considered in this scenano This exposure scenano was not
evaluated in the Phase I HHRA.

Each scenario includes a particular potential"'receptor population” and a consideration of the

pathways by which those Teceptors may encounter COCs. The selected exposure pathways for

each scenario are not intended to encompass all possible routes of exposure but rather to focus
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on those which are likely to contribute the greatest exposure for each identified receptor. |
_Differences in exposure parameter assumptions betwéen the Phase I and Phase I HHRASs are
’discussed in Section 2.3.3.
ﬁe evaluation of dermal contact with soil is limited to evaluating the potential risks from
exposures to cadm'iun-l:‘ PCBs,. énd TCDD. The EPA has reviewed the experimental data on
nine chemicals -for which percutaneo'us} absorption from a soil matrix has been studied.
However, because of differences between experimental conditions and exposure scenarios, the
EPA has identified the percentage of applied dose absorbed for only three of the nine chemicals:
cadmium, tetrachlorobiphenyl (TCB), and TCDD. The recommended percentages of absorption
for an applied dose are 0.1 to 1%, 0.6 to 6%, and 0.1 to 3%, respectively (EPA, 1992¢). In
this HHRA, the higher, more conservative value for each constituent is used and the TCB value
has been assigned to PCBs. This approach to the ;ssessment of the dermal exposure pathway
follows EPA Region I guxdance Use of these dermal absorption factors in estimating exposure
doses is discussed in Section 2.3.3. Permeability constants (K,) are used to estimate the dose
absorbed by dermal contact with surface water while swimming and ground water while

showering, and are discussed further in Section 2.3.3. -

2.3.2 Estimation of Exposure Point Concentrations

As specified in the Region I Supplémental Risk Assessment Guidance (EPA, 1989b), two
types of exposure point concentrations (EPCs) are identified for each COC in each medium: the

mean and the maximum detected concent'raﬁbn. _
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For the purposes of the HHRA, the geometric mean,-rather than the ariihmetic_ mean, is
used as the indicator of the central tendency of the site data. The use of the geometric mean,
over the arithmetic mean, as one of the EPCs is consistent with current EPA guidance (1992,
S’upplemerital Guidance to RAGs: Calculating the Conéentration Term) which states that in most
cases it is reaéonabiei to Ha’ssﬁmé eavironmental sampling data are lognormal. The geometric
mean may be calculated as follows:

log(Xi;, x Xi, x ... Xi,)

Yij,,, = 10"
n
where:
Yijpr = geometric mean of all sample concentrations of constituent i in medium j
Xi = the concentration for constituent i in each of n samples
n = the number of samples

The maximum detected concentration is also used to assess poténtial exposures and risks.
Exposure estimates based on maximum cohcentmﬁons are referred to estimates of reasonable
maximum exposure (RME) per EPA Region 1 guidance. Collectively, these two EPCs allow
for average and upper-bound estimates of health risk. The site-specific data used to determine
the geometric means and maximum concentrations of constituents in soil, ground water, surface |
water, and shellfish are provided in Appendix C

The EPCs for constituents adsorbed to susi)ended particulates (expressed in milligrams
— of particulate-adsorbed constiment per cubic meter of air; mg/m’) are calculated using an EPA
(1988a) "fugi_tive duat modéi. The fugitive dust concéntmtion is combined with the constituent
concentrations in soil to estimate the concentmtlons of the paruculate-adsorbed constituents in

air. This approach conservatlvely assumes that the concentratlon of constituents in the dust
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(mg/kg) is equal to the concentration of these constituents in soil (mg/kg). This approach also

conservatively assumes that VOCs remain sorbed to dust (i.e., it does not consider the losses

of airborne VOCs through volatilization and washout in precipitation).

The fugitive dust concentration is calculated as:

TSP =

mg=e
L

E,, -
- xCF .
wxWxH

fugitive dust concentration (site-specific; kg/m®)

emission rate for wind erosion and loading/dumping activities combined -
(site-specific; kg/day)

wind speed (4.74 m/s)

width of site (site-specific; m)

height of breathing zone (2 m)

conversion factor (1.16E-05 day/s)

Wind erosion of soil and loading/dumping activities during construction are assumed to

comprise the total soil emissions. The contribution to the total fugitive dust emission rate from

wind erosion of exposed soil is calculated as:

E, = axIxKxCXLxVxAXxCF xCF,
where:
E, = emission rate due to wind erosion (site-specific; kg/d)
a = fraction of soil particulates eroded and entrained by wind that remain
suspended (0.01)
I = soil erodibility (134 tons acre™ yr?)
K = soil roughness factor (1.0; assumes worst-case of flat terrain)
C = -climatic factor (0.04; based on values for the Northeast region)
L = field length factor (0.7; based on small reclamation) ,
A% = vegetative cover factor (1.0; assumes worst-case of no vegetative cover)
A = area of site (site-specific; acre)
CF, = conversion factor (2.74E-03 yr/day)
CEF, = conversion factor (907 kg/ton)
NCBC DAVISVILLE
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Most of these values are specified in EPA (1988a) for worst-case situations. The climatic factor
("C") is @d from a map and multiplied by 0.01 as specified. The variables "a" and "I" are '
determined based on site soil characteristics.

The contribution to the total fugitive dust enﬁssion rate from loading/dumping éctivities

at a site (e.g., during construction) is calculated as:

V x D x EF

E.4 =
T

where:
Ey = emission rate due to loading/dumping (site-specific; kg/d)
\'% = volume of soil éxcavated (site-specific; m®)
D = density of soil (1.5 Mg/m?)
EF = emission factor (kg/Mg)
T = duration of excavation (30 days)

In estimating the volume excavated, it is assumed that a building 20 feet by 30 feet in area with
-

a 10 foot basement/foundation is constructed per acre half acre of land (i.e., that 340 m® of soil

is excavated per acre). Thus, the area excavated per site is approximated by multiplying the site

area (acre) by 340 m*/acre.

The emission factor used to calculate the emission rate for loading and dumping is

estimated as:
‘ 1.3
EF = k x (KC) x (U/UC)

M/MC)H

where:

EF = emission factor (kg/Mg). .

k = particle size multiplier (0.74)

U = mean wind speed (4.74 m/s)

M = soil moisture (5%)
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KC
UC
MC

particle size constant (0.0016)
wind speed constant (2.2)
moisture content constant (2)

The EPCs for volatilized constituents (from subsurface soil) 1n ambient air duﬁng
constructidn activities are calculated using EPA’s (1991b) Risk Assessment Guidance for
Superfund: Volumé 1 -Human Health Eva.luation Manual (Part B, Deyelopment of Risk-Based
Preliminary Remediation Goals) and EPA’s (1992g) Air/Superfund National Technical Guidance
Study Seﬁes. The models and site-specific parameters are described below.

By assuming complete equilibrium is establisl;xed between éonsfituents in the soil gas and
the soil, it is possible to estimz'ite the soil gas concentration due to soil by:

Conc,; * UCl e UC2 e H’

SGsoi.l
Ke ® fo
where:
SG,; = Chemical concentration in vapor phase (g/cm?)
Conc,; = Concentration in soil (mg/kg) ‘
UCl1 = Unit conversion for soil density (1.7E-03 kg/cm®)
ucC2 = Unit conversion (1E-03 g/mg)
H’ = Henry’s law constant (dimensionless)
K. = Organic carbon content in soil to water partition coefficient
(chemical-specific)
fo. = Fraction of organic carbon in soil

For the purpose of this evaluation, a default value of 0.02 is éssumed for f,, (EPA, 1991b).
The flux rate of constituents from soil is ass_ﬁmed to be the result of a Fickian-based

diffusion of the vapor through the soil matrix such that once in the vapor phase tﬁe constituent

diffuses thi'ough the soil at a rate dependent on the soil porosity, pore space geometry and the

constituent’s air diffusion coefficient.
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The steady-state constituent flux is calculated using:

J =

D e SG ¢ UC1 » UC2
T

where:
J =  ‘_F'll'1x‘(g/s * cm?)
D = Overall effective porous media diffusion coefficient (cm?s)
SG = Measured soil gas concentration (mg/cm®)
UC1 = - Unit conversion (1E-03 g/mg)
ucC2 = Unit conversion (1E-06 m’/cm?)
T = Radius of zone of influence (cm)

The radius of the zone of influence for soil is assumed to be equal to the distance from the soil ~

surface to the ground water source (i.¢., 12 feét or 363 cm). These assumptions afe based on
EPA (1991b) guidance which indicates that soil concentrations are hdmogeneous from the soil
surfacé to the depth of concermn atnd the depth of concern is defined as the depth at which a near
impenetrable layer occurs or tﬁe permanent ground'water 1ev¢1 is rea_ched. [Noté: The average

depth to ground water at the site is 12 feet below grade.]

The effective diffusion coefficient (D) is calculated from:

DTﬁff _ DA PY P‘10/3
P;?

where:

DT = Overall effective porous media diffusion coefficient based on vapor phase
concentration for the region between the source and the foundation or the
soil surface (cm?/s)

D, = ‘Vapor diffusion coefficient in air (cm?/s)(constituent-specific)

P, = Air filled porosity of soil (unitless) = Pp - ©m P,

| whére:
Py = Total soil porosity (unitless) '
©m = Moisture content (cm® of H,O/g of soil)
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P, = Bulk density of soil (g/cm®)
For this evaluation the following assumptions are made based on EPA (-19938): Py =0.43, ©m |
~0.1and P, = 1.5.
| An estimation Qf the ambient air concentrations is made using tﬁe followingb equation
based on EPA (19915):'gﬁidance:

Je AeUCleUC2

Cambieat =
LeDHeWS
where::
Combicar = Ambient air concentration (mg/m?)
J = Estimated flux (constituent-specific; g/s ®-cm?)
A = Area of site (cm?)
UCl1 = Unit conversion (1IE+03 mg/g)
uC2 = Unit conversion (1E4+06 cm®/m®)
L = Effective length of site (cm)
DH = Diffusion height (cm) _
WS = Wind speed in mixing zone (cm/s)

For the purpose of this evaluation the values for A and L are estimated at 6.1E+08 cm? and
2.5E+04 cm, respectively, based on the site area of 15 acres. A value of 200 cm is assumed
| asa deféult value for DH (EPA, 1991b). A wind speed of 474 cm/s is used as a default value.
The EPCs for volatilized constituénts from ground water to air while showering are
_calculated baséd on the Ideal Gas Law'as followS:

Air Concentration (CA) = CWxH xMWxPxUCI

RxTx UC2
 where: ‘
CA = Constituent Concentration in Air (constituent-spegific; mg/ m?)
Ccw = Ground Water Concentration (constituent-specific; mg/I)
o = Dimensionless Henry’s Law Constant (constituent-specific; --)
MW = Molecular Weight (constituent-specific; g/mol)
P = Atmospheric Pressure (1 atm)
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UCl1
R
T

and

o o=
H =

Unit Conversion (1IE+03 mg/g)
Ideal Gas Constant (8.2E-05 atm * m*/mol * K)
Temperature While Showering (310°K)

H/(Rx T) :

‘Henry’s Law Constant (constituent-specific; atm * m*/mol)

Tables summarizing media-specific EPCs are provided in Section 3. The constituent-

spec1fic model inputs are provided along with the exposure and risk estimates in Appendix D.

2.3.3 Estimation of Constituent Exposure Doses

The estimated constituent exposure doses (mean and RME) for each pathway and scenario

are presented along with the risk estimates in Section 3. A discussion of the site-specific risk

estimates is also provided in Section 3. The equations and input parameters used to estimate

these exposure doses are provided below by scenario. The input parameters are also

summarized and compared with Phase I values in Table 2-8. The exposure doses are calculated

~ following Region I (EPA, 1989b) gﬁidance and are expressed in milligrams constituent per

kilogram body weight per day (mg/kg-d).

- The generic equation for calculating constituent exposure dose is:

Conc x ConRate x RAF x ExpFreq x ExpDur

" Exposure =
ose
BW x AT
where:
Conc = exposure point concentration (either the geometric mean or the
~ maximum detected concentration) (mg/kg for soil, mg/1 for water)
ConRate = amount of contaminated medium contacted per unit time or event
(mg/d for soil, 1/d for water)
RAF = relative absorption factor (--)
NCBC DAVISVILLE 2-29 HUMAN HEALTH RISK ASSESSMENT



ExpFreq = frequency of exposure (hr/d, d/yr)

ExpDur = duration of exposure (yr)

BW = body weight (kg)

AT = time period over which the exposure is averaged (25550 d for

cancer; ExpDur x 365 d/yr for non-cancer)

The RAFs take ipto account the difference in absorption between the exposure pathways
and mediums of infere&' in the HHRA and the pathway and medium used in the laboratory study
from which thé toxicity values were derived. The ingestion and inhalation RAF values used in
the Phase Il HHRA correspond to those recommended as defaults by Region I (EPA, 1989b).
The RAFs used to assess dermal exposures (i.e., to cadmium, PCBs, and TCDD) are based on
the dermal absorption values provided in EPA’s (1992c) dermal exposure assessment guidance
and on whether the oral toxicity values are expressed in terms of intake or absorbed dose. The
dermal absorption value for cadmium of 0.01 is used as the dermal RAF since the oral RfDs for
this constituent take into account absorption following the ingestion of food and water (see EPA,
1993a). Although the oral slope factor for PCBs is intake—ﬁased, the dermal absorption valué
‘for this constituent (0.06) is also used as the dermal RAF since the oral absorption of. PCBs is
nearly 100% (ATSDR, 1987). For TCDD, the dermal absorption value of 0.03 is divided by
the oral absorption value of '0.75 (as provided in EPA, 1993b) to éstimate a dermal RAF of

10.04. B |

The permeébility constér;ts designated as Kp and expressed in centimeters per hour
(cm/hr) provide an indication of the rate at which a constituent m water moves across the skin
into the bloodstream.} Tﬁe Kp values used in the HHRA correspond to those recommended by
EPA (1992c). That is, experimentally measured Kp values in Table 57344_‘of EPA (1992c) or a |

~ default of 1E-03 cm/hr are used for inorganic COCs. For organic COCs, predicted Kp values
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provided in Table 5-7 of EPA (1992c) or as calculated per EPA tl992c) guidance based on
constituént-specific octanol-water partition coefficients (Kow) and molecular weights are used.

The constituent dose for each receptor in each of the scenarios is based on numerous
pammeteré with varying degreeﬁ of uncertainty. The exposure parameteré used in calculating
the constituent dosés.;;la 'thé fétibnale for selecting them are summarized in Table 2-8. As
indicated, this table also provides a comparison of the input parameters for the Phase I and
Phase II HHRAs.

The equations, key exposure parameters and assumptions for each scengrio are described
below. A summary of the -constituent-specificvchemical, physical, and environmef)tal fate

parameters used in estimating exposure intakes and doses is provided in Table 2-9.

Scenario 1 (Future Construction)

This scenario considers a future worker involved in on-site construction, excavation, or
utility work. Workers are assumed exposed for 250 days over a one-year period.
Similar to the Phase I HHRA (TRC-ECI, 1991b), worker exposure to site constituents
is assumed to occur through incidental ingestion of and dermal contact with subsurface
soils (2 to 10 feet). The Phase II construction scenario also evaluates worker exposure
through inhalation of suspended subsurface soil particulates and inhalation of volatiles
from subsurface soils. Additional changes in exposure assumptions have also been made
in the Phase IT construction scenario. As shown in Table 2-8, the exposure frequency
has been changed from 10 to 250 d/yr, the exposure duration from 30 to 1 year, the soil
ingestion rate from 100 to 480 mg/d (EPA, 1991a), and the dermal contact rate from 500
to 1,000 mg/d (EPA, 1989b). The lower dermal contact rate of 500 mg/d (based on a
SA of 2,000 cm?®) is recommended for normal residential or recreational activities, while
the higher rate of 1,000 mg/d (based on a SA of 4,000 cm?) is more appropriate for
.activities potentially resulting in higher exposures.

The equations used to estimate exposures under this scenario are as follows:
Ingestion of Constituents in Soil

CS x UC x IR x RAF x EF xED

Exposure Dose (mg/kg-d) =
' BW x AT

S
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where:

CS

ucC

b
o

EF

ED
BW
AT

Constltuent Concentration in Soil at Depths of 2 to 10 Feet (constltuent—

- specific; mg/kg)

Unit Conversion (10° kg/mg)
Ingestion Rate (480 mg/d)
Relative Absorption Factor (unitless):

- Volatile Organic Compounds: 1.0
Semivolatile Organic Compounds:

PAHs 1.0
PCB:s: _ 0.3
Pesticides:

High soil sorption (DDT) 0.3

Low soil sorption 1.0
Inorganics:

Lead (Adults) 0.3

All Others 1.0

Exposure Frequency (250 d/yr)

Exposure Duration (1 yr)

Body Weight (70 kg)

Averaging Time - period over which exposure is averaged (d):
365 d for non-cancer risks

25,550 d for cancer risks

Dermal Contact with Constituents in Soil .

Exposure -Dose (mg/kg-d) =

where:

CS

ucC
CR
RAF-

EF
ED

CSxUCxCRXxRAF x EF x ED

" BWx AT

Constituent Concentration in Soil at Depths of 2 to 10 Feet (constituent-
specific; mg/kg)

Unit Conversion (10 kg/mg)

Skin Contact Rate (1,000 mg/d)

Relative Absorption Factor (unitless):

Cadmium 0.01
-~ PCBs . 0.06
TCDD 0.04

Exposure Frequency (250 d/yr)
Exposure Duration (1 yr)

- Body Weight (70 kg)
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AT

Averaging Time - period over which exposure is averaged (d):
365 d for non-cancer risks _
25,550 d for cancer risks

Inhalation of Airborne Constituents Absorbed to Dust

CS x TSP x IR x RAF x ET x EF x ED

Exposure Dose (mg/kg-d) =
BW x AT
where: ;
CS =" Constituent Concentration in Soil at Depths of 2 to 10 Feet (constituent-
specific; mg/kg) .
TSP = Ambient Dust Concentration (site-specific; kg/m®)
IR = Inhalation Rate (2.5 m>*/hr for adults under moderate exertion)
RAF = Relative Absorption Factor (unitless; 1.0 for all constltuents)
ET = Exposure Time (8 hr/d)
EF = Exposure Frequency (250 d/yr)
ED = Exposure Duration (1 yr)
BW = Body Weight (70 kg)
AT = Averaging Time - period over which exposure is averaged (d):

365 d for non-cancer risks
25,550 d for cancer risks

Inhalation of Volatilized Copstituents in Air

CAxIRx RAF x ET x EF x ED

Exposure Dose (mg/kg-d) =
4 | BW x. AT
where:
CA = Constituent Concentration in Air (constiment-s'pecific; mg/m?)
IR = Inhalation Rate (2.5 m’/hr for adults under moderate exertion)
RAF =  '‘Relative Absorption Factor (1.0 for all constituents; unitless)
ET = Exposure Time (8 hr/d)
EF = Exposure Frequency (250 d/yr)
ED = Exposure Duration (1 yr)
-BW = Averaging Time - period over which exposure is averaged (d):
: 365 d for non-cancer risks
25,550 d for cancer risks
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Scenario 2 (Future Recreation)

For this scenario, local children and youths aged 2 to 18 years are assumed to visit the
site two days per week during the spring, summer, and fall for a total of 72 days per
year. The children and youths are assumed to visit the site every year for an exposure
duration of 16 years. Exposure to site constituents is assumed to occur through the
* incidental ingestion of and dermal contact with surface soil (0 to 2 feet); dermal contact
‘with ground water and inhalation of volatiles while showering; and incidental ingestion
of and dermal contact with surface water while swimming. As indicated in Table 2-8,
exposures under a future recreational scenario were not evaluated in the Phase I HHRA.

The equations used to estimate exposures under this scenario are as follows:
Ingestion of Constituents in Soil

Exposure Dose (mg/kg-d) = CS x UC x IR x RAF x EF x ED

BW x AT
where:
CS = Constituent Concentration in Soil at Depths of 0 to 2 Feet (constituent-
specific; mg/kg)
uc = Unit Conversion (10 kg/mg) ‘
IR = Ingestion Rate (125 mg/d; assumes 200 mg/d for 2-6 yrs and 100 mg/d
- for 6-18 yrs)
RAF = Relative Absorption Factor (unitless):
Volatile Organic Compounds: 1.0
Semivolatile Organic Compounds:
PAHs : 1.0
PCBs: o 0.3
Pesticides: ~
High soil sorption (DDT) 0.3
Low soil sorption . 1.0
Inorganics:
Lead (Adults) 0.3
Lead (Children 2-6 yr old) - 0.5
All Others 1.0
EF = "Exposure Frequency (72 d/yr; based upon visiting the site 2 d/wk during
' spring, summer and fall)
ED = Exposure Duration (16 yr)
BW = Body Weight (33.9 kg; children/youths 2-18 yr old)
AT = Averaging Time - period over which exposure is averaged (d):

5,840 d for non-cancer risks
25,550 d for cancer risks

NCBC DAVISVILLE - 2-34 | HUMAN HEALTH RISK ASSESSMENT



Demial Contact with Constituents in Soil

CS x UC x CR x RAF x EF x ED

Exposure Dose (mg/kg-d) =

BW x AT
where:
CS = ~Constituent Concentration in Soil at Depths of 0 to 2 feet (constituent-
specific; mg/kg)

uc = Unit Conversion (10 kg/mg)
CR = Skin Contact Rate (355 mg/d; i.e., 0.5 mg/cm? x 1,420 cm? x 0.5)
RAF = Relative Absorption Factor (unitless):

Cadmium 0.01

PCBs S 0.06

TCDD 0.04
EF = Exposure Frequency (72 d/yr)
ED = Exposure Duration (16 yr) v
BW = Body Weight (33.9 kg; children/youths 2-18 yr old)
AT =

Averaging Time - period over which exposure is averaged (d):
- 5,840 d for non-cancer risks :
25,550 d for cancer risks

Dermal Contact with Constituents in Ground Water (While Showering)

Exposure Dose (mg/kg-d) = CW x UC x SA x Kp,; X ET x EF x ED

BW x AT -
where: ‘
Ccw = Constituent Concentration in Ground Water (constituent- spec1ﬁc mg/1)
Uuc = Unit Conversion (1E-03 I/ml)
SA = Skin Surface Area Available for Contact (12,000 cm?)
Kpy = Dermal Permeability Constant (const1tuent-spec1fic cm/hr)
ET = Exposure Time (0.16 hr/d)
EF = Exposure Frequency (20 d/yr)
ED = Exposure Duration (16 yr)
BW = Body Weight (33.9 kg; children/youths 2-18 yr old)
AT = ‘Averaging Time - period over which exposure is averaged (d):

5,840 d for non-cancer risks
25,550 d for cancer risks
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Inhalation of Volatilized Constituents in Ground Water (While Showering)

CA x IR x RAF x ET x EF x ED

Exposure Dose (mg/kg-’d) =

BW x AT
where:
CA = . Constituent Concentration in A1r (constituent-specific; mg/m®)
IR = Inhalation Rate (2.5 m*/hr)
RAF = Relative Absorption Factor (unitless; 1.0 for all constituents)
ET = Exposure Time (0.16 hr/d)
EF = Exposure Frequency (20 d/yr)
ED = Exposure Duration (16 yr)
BW = Body Weight (33.9 kg; children/youths 2-18 yr old)
AT = Averaging Time - period over which exposure is averaged (d):

5,840 d for non-cancer risks
25,550 d for cancer risks

Ingestion of Constituents in Surface Water (While Swimming)

CW x UC x IR x RAF x ET x EF x ED

Exposure Dose (mg/kg-d) =

BW x AT .
where:
Cw = Constituent Concentration in Water (constituent-specific; mg/1)
Uuc = Unit Conversion (1E-03 I/ml)
IR = Ingestion Rate (50 ml/hr)
RAF = Relative Absorption Factor (unitless; 1.0 for all constituents)
ET = Exposure Time (0.5 hr/d)
EF = Exposure Frequency (20 d/yr) -
ED = Exposure Duration (16 yr)
BW = Body Weight (33.9 kg; children/youths 2- 18 yr old)
AT = Averaging Time - period over which exposure is averaged (d)

5,840 d for non-cancer risks
25,550 d for cancer risks

Dermal Coritact with éonstituents in _Surface Water (While Swimming)

Exposure Dose (mg/kg-d) = CW x UC x SA x Kp,; x ET x EF x ED

'BWxAT_
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where:

o
R T 1 O TR T T

Constituent Concentratlon in Surface Water (constituent- -specific; mg/l)
Unit Conversion (1E-03 1/ml)

Skin Surface Area Available for Contact (12,000 cm?)

Dermal Permeability Constant (constituent-specific; cm/hr)

Exposure Time (0.5 hr/d)

- Exposure- Frequency (20 d/yr)

Exposure Duration (16 yr)

Body Weight (33.9 kg; children/youths 2-18 yr old)
Averaging Time - period over which exposure is averaged (d):
5,840 d for non-cancer risks

25,550 d for cancer risks

Scenario 3. (Future Shellfishing)

Exposures of off-site adult residents through the ingestion of shellfish (i.e., clams,
- mussels, and oysters) are considered in this scenario. This exposure scenano was not
evaluated in the Phase I HHRA. :

The equation used to estimate exposures under this scenario is as follows:

Ingestion of Shellfish

Exposure Dose (mg/kg-d)

CTx UC xIR x FI x RAF x EF x ED

BW x AT
where:
CT = Constituent Concentration in Shellfish Tissue (constituent-specific; mg/kg)
Uuc = Unit Conversion (10 kg/mg)
IR = Ingestion Rate (1,200 mg/d)"
FI = Fraction Ingested from Allen Harbor (1; unitless)
RAF = Relative Absorption Factor (unitless):
Volatile Organic Compounds: 1.0 '
- Semivolatile Organic Compounds: '
" -PAHs 1.0
PCB:s: : 0.3
Pesticides: o
High soil sorption (DDT) 0.3
Low soil sorption 1.0
" NCBC DAVISVILLE
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Inorganics:
Lead (Youths/Adults) 0.3
All Others 1.0
Exposure Frequency (350 d/yr)
Exposure Duration (30 yr)
Body Weight (70 kg)
Averaging Time - period over which exposure is averaged (d):
10,950 d for non-cancer risks
25,550 d for cancer risks

EF

ED
BW
AT

2 As a comparison, shellfish ingestion rates provided in EPA’s Exposure Factors Handbook
(1990a) are also used. The alternative ingestion rates for clams and oysters are 442 and
291 mg/d, respectively. In the absence of an ingestion rate for mussels in EPA (1990a),
the value reported (13 mg/d) for other shellfish is used as the alternative.

2.4  Risk Characterization

2.4.1 Quantitative Risk Assessment
The résults of the quantitative risk analysis are presented in two forms. In the case of
human health effects associated with exposure to potential carcinogens, risk estimates are
expressed as the lifetime probability of additional cancer risk associéted with the given exposure.
The cancer risk estimates are calculated és the cancer-based exposure dose (mg/kg-d) times the
slope factor ((mg/kg-d)?’). In numerical terms, these risk estimates are presented in scientific
notation in this report. Thus, a lifetime risk of 1E-04 means a lifetime incremental risk of one
in ten thousand a hfetune risk of 1E-06 means an incremental lifetime risk of one in one million

" and so on.

For determining whether non-cancer health effects'may bé a concern, constituent—épeciﬁc
HQs are used. The HQ is calculated as the non-cancer exposure dose (mg/kg-d) divided by the
RfD (mg/kg-d). Suﬁchronic RIDs are used to estimate risks for séenariog. involving short-term

exposures (i.€., construction), while chronic RfDs are used for those scenarios involving
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| long-term eprsures (i.e. ) recreatibnal, shellfishing). Thé HQs are summed across constituents
io calculate a hazard index (HI) for each pathway in each scenario.

Cancer risks and non-cancer HQs/HIs are discussed fo; Scenario 1 (fufure construction),
S_cenaﬁo 2‘_(future recreation), and Scenario 3 (ﬁmw'sheuﬁshMg). The‘ estimatéci cancer risks
an& non-cancér HIs may ‘be compared to‘available regulatory gﬁidelines. Under Superfund
(EPA, 1990Db), a c@cer risk range of 1E-06 to 1E-04 is generally acceptable, while risks above
1E-04 typically imply a need for remediation. A cancer risk of 1E-06 is considered the pbint .
of departure for determinihg risk-based remediation goals. Regarding non-carcinogenic health

hazards. EPA (1989a) states that:

"When the total hazard index for an exposed individual or group of individuals exceeds
unity, there may be concern for potential non-cancer health effects."

Thus, the cancer risk and HIs that may conétitute a concern are those greater than 1E-06 and
greaier than 1E+00, respectively.

Cancer risks and non-cancer HIs are discuésed in Section 3 for each scenario and pathway
evaluated. These risk levels are presented as a range in which both the average value (based on
fhe georﬁetn'c mean concentrations) and the RME value (based on the maximum concentrations
detected on-site) are provided. In certain cases, the mean risk estimate exceeds the RME due
to the inclusion of SQLs in determining the geometric »mean concentrations. For a number of
constituents (e.g., pesticidés in soil), the concentrations detected fall bélow thq values assigned
to non-detects G.e., one-half the SQLs) such that the geometric mean éxceeds the maximum
detected value. Given the uncertainty associated with EharaCtérizing constituent concentrations

in samples reported as non-detected, the unceﬂaihty in the mean risk estimates likely exceeds

NCBC DAVISVILLE : ' - 2-39 " HUMAN HEALTH RISK ASSESSMENT



that related to the estimates of RME risk. For COCs without EPA toxicity values, a qualitative

and site-specific assessment of risk is provided.

NCBC DAVISVILLE 2-40 HUMAN HEALTH RISK ASSESSMENT



3.0 SITE 09 - ALLEN HARBOR LANDFILL

This section of the report provides the HHRA for Site 09 - Allen Harbor Landfill. The
HHRA for Site 09 was conducted using the general methodology outlined in Section 2. Site-
specific mformatlon regardmg cenam aspects of the methodology (i.e., hazard 1dent1ﬁcat10n and
exposure assessment), the results of the risk characterization, and a discussion of the
uncertainties associated with constituents contributing s1gn1ﬁcantly to site risk are nmv1ded in

this section.

3.1 Hazard Identification
The hazard identification for Site 09 provides a description of the site; summarizes the
data collection, evaluation, and results; and selects the COCs for each medium of interest at the

site.

3.1.1 Site Description

Site 09 covers an area of approximately 13.5 acres on the western side of Allen Harbor
: (Figure 3-1). The landfill.is bounded to the east and south by Allen ﬁmbor, and to the
northwest by Sanford Road; A fence runs along the west side of Sanford Road, at the edge- of
Nnvy property. Access to the landfill is controlled by the fence nnd a locked gate at the Sanford
Road entrance. Access to the site from Allen Harbor is restricted by the very steep landfill toe
along the front face of the landfill. |

| Allen Harbor Landfill is currently overgrown With a mixture of s_hnubs, small tt'ees, andi

grasses. The only visible areas of stressed vegetation appear to be the locations of former
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pavement and/or access roads. Substantial amounts of building demolition debris and rusted
metallic objects are visible at various locations across the landfill sufface. The landfill rises
approximately 15 to 20 feat above the high tide mark along its southeastern perimeter. Large
pieces of aemoiition dabris, including significant amounts of sf'rucmral steel, are visible along
the nearby verticai faaé of the- iandﬁll toe. The landfill appears covered with a coarse-grained
soil. Although the sﬁrface is generally flat, there are seyeral localized swales and berms which
appear to consist of cover material which was not completely graded.

From 1946 to 1972, the site was used as a landfill for wastes generated at NCBC .
Davisville and the former NAS Quonset Point. Limited information is available to indicate
- landfill operation procedures and waste locations. A variet)} of municipal and industrial wastes
were reportedly disposed of at the site, including used turpentine and acetone, asbestos, paint
thinner and degreasers, jet fuel, PCB-contaminated oil, and waste trichloroéthylene and carbon

tetrachloride.

'3.1.2 Data Collection

As shown in ‘Table 3-1; surface soil, subsurface soil, ground water, and surface water
samples were collected from Site 09 during the Phase I and Phase II field investigations. Also
as shown, shellfish samples were collected from Allen Harbor and Narragansett Bay. Figures
3-2 and 3-3 depigt the sample locations for the Phase I and Phase hi RIs, respectively, while
Figure 3-4 shows the-aurfacc water sampling locations for Phase II. The sampling locations for
shellfish collected in Allen Harbor and Narragansett Bay are provided m Figures 3-5 and 3-6,

respectively. Surface soil samples were collected at intervals of 0 to 0.5 and 0 to 2 feet below
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>

- grade ;iuﬁng Phase I, émd from 0.5to 1, 0 to 1,' and 0 to 2 feet below grade during Phése II.
Subsurface soil samples at Site 09 were collecied tod depth of 46 feet; ho§vever, only samples
obtained ffom depths to 10 feet areA used in this HHRA. Soil samples taken from the 2 to 10
foot intewﬁ are coﬁsidered subsurface soil samples. -

el e

'fﬁventy-three (23) hard-she]_l clam (i.e., quahog) samples were collected from six subtidal
stations within Allen Harbor (Phase I and I sampling)t Five composite soft-shell clé.m samples
were collected from three intertidal stations (Phase I sarﬁpling), a fourth intertidal station situated
on the south shore of Calf Pasture Point (Phase I sampling), and a near-shore intertidal location
in Allen Harbor (Phase III sampling). Twenty (20) composite blue mussel samples (two

deployed in Phase I and 18 deployed in Phase II) were obtainéd from three Allen Harbor
| subtidal stations. Oyster samples were co'llected. from three sampﬁﬂg stations located at the
Jandfill - Allen Harbor interface (Phase I sampling).

Reference samples were collected from subtidal and intertidal locations within
Narragansett Bay. Thirty-eight (38) hard-shell clam (i.e., quahog) samples were collected from -
five subtidal stations (four within Narragansett Bay, one station at North Jamestown and one
station on the east side of Prudence Island in Potter Cove; 20 samples collected in. Phase I and
18 samples in Phase II). Seven composife soft-shell clam samples were collected from two
intertidal stations @hase I sampling) and from Narrov;/ River and Saltpond (Phase III sampling). '
Twenty—two’(2.2) comi)osite blue mussel samples (four deployed during Phaée Iand 18 deplo’yed
during Phase II)‘ were. collected from two Narragansett Bay subtidal _stgtions.- Three oyster

samples were collected from near Prudence Island in Phase I.
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Additional details pertaining to the data collection including sample analysis are provided

in Section 2.1.2.

-

3.1.3 Ma_%uatiog

The generai steps used to organize the Phase I and Phase II RI data into .a form
manageable and appropria\te for the baselihe HHRA are described in Se-ction 2.1.3.

Briefly, specific methods used for Site 09, which correlate with the previously described
steps, include the following:

° ‘Three duplicate surface soil samples and one duplicate ground water sample were
collected at Site 09 during Phase II. .

® | Sample recollect data was not obtained in either Phase I or Phase II of the field
investigation.

® TICs were reported in surface soil, subsurface soil, and ground water. A number
of semi-volatile organic compounds (SVOCs) were tentatively identified in all
three media, especially in soils, where as many as 20 SVOCs were tentatively
identified, in addition to SVOC:s labeled as unknown. Fewer tentatively identified
VOCs were reported in soil and ground water. TICs were not reported for
pesticides/PCBs. Due to the uncertainty associated with TICs, these constituents
are not included in the quantitative assessments of exposure and risk.
Tables 3-2, 3-3, 3-4, 3-5, and 3-6 prdvide summary statistics (i.e., frequency and range
of detects) for consfitue_nts detected in surface soils, subsurface soilé, ground water, surface

water, and shellfish, respectively.

3.1.4 Summary of Surface Soil Data

Table 3-2 presents a summary of the analytical data associated with constituents detected

in surface soil, organized- by class, ing:iuding VOCs, SVOCs, pesticides/PCBs and inorganics.
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This table includes data which has undergone data evaluation for the purposes of the HHRA.

That is, consideration of qualified data, duplicates and SQLs (as described in Section 2.1.3)is

incorporated into the data summary. Each class of constituents is discussed in detail below.

Volatile Organics

Five VOCs were detected in surface soil: 1,1,1-trichloroethane (detected in three
of 41 samples (3/41)), acetone (9/41), chloroform (7/41), tetrachloroethene
(3/41), and toluene (3/41). Concentrations of these VOCs are relatively low, and
range from 0.001 mg/kg (chloroform and tetrachloroethene) to 0.11 mg/kg
(acetone). SQLs for VOCs in surface soil are not unusually high.

| Semi-Volatile Organics

Thirty (30) SVOCs were detected in surface soil, including 19 PAHs, three
phenolic compounds, four phthalate compounds, 1,2,4-trichlorobenzene, benzoic
acid, carbazole, and 2,3,7,8-TCDD.

In general, the PAHs were detected at frequencies greater than 50%.

‘Concentrations range from 0.036 mg/kg (acenaphthylene) to 140 mg/kg

(fluoranthene)

2,4-Dimethylphenol and 4-methylphenol were each detected at a frequency of
1/40, while pentachlorophenol was detected at a frequency of 2/40.
Concentrations of these phenolic compounds range from 0.052 mg/kg
(pentachlorophenol) to 0.57 mg/kg (4-methylphenol).

Four phthalate compounds were detected as follows: bis(2-ethylhexyl)phthalate
(22/40), butyl benzyl phthalate (7/40), di-n-butyl phthalate (11/40), and diethyl
phthalate (1/40). Concentrations range from 0.034 mg/kg (butyl benzyl phthalate)
to 5 7 mg/kg (di-n-butyl phthalate)

1,2,4-Trichlorobenzene was detected once at a concentration of 0.24 mg/kg.
Benzoic acid was detected at a frequency of 7/18 at concentrations ranging from

-0.049 to 0.87 mg/kg. Carbazole was detected in 14/23 samples at concentrations

ranging from 0.075 to 18.0 mg/kg. Finally, 2,3,7,8-TCDD was detected in 5/6
samples and concentrations range from 2.07E-04 to 2.28E-04 mg/kg.

In general, SQLs for SVOCs in surface soil are not unusually high. SQLs for
SVOCs i in monitoring well (MW) sample 09- MW1401 were elevated
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Pesticides/PCBs | '

Eighteen (18) pesticides and two PCBs were detected in surface soils at Site 09,
The most frequently detected pesticides include 4,4’-DDD, 4,4’-DDE, and 4,4’-
DDT (detected 15/41, 16/41, 12/41, respectively), alpha-chlordane, and gamma-
chlordane (detected 11/41 and 13/41, respectively), dieldrin (11/41), and endrin
aldehyde (10/23). Concentrations of detected pesticides range from 7E-05 mg/kg
(alpha chlordane) to.0.63 mg/kg (p,p’-methoxychlor).

Aroclor-1260 and -1254 were the only detected PCBs‘ in Site 09 surface soil.
These PCBs were detected at frequencies of 13/41 and 1/41, respectively at
* concentrations ranging from 0.017 to 30 mg/kg.

In Phase I, SQLs for pesticides/PCBs in surface soil are somewhat elevated in
surface soil (S) samples S-09-02-00-S, S$-09-03-00-S, and S-09-04-00-S. SQLs

are unusually high in boring (B) sample 09-B1-01 and in sample 09-MW1101
collected in Phase 18

Inorganics

All 24 inorganics were detected in Site 09 surface soil. Of these 24, seven were
detected at all 41 locations including aluminum, barium, chromium, iron, lead,
magnesium, and manganese. Cyanide (4/41), selenium (4/39), and thallium
(1/41) were the inorganics detected least frequently. The range of background

concentrations at NCBC Davisville was exceeded in at least one sample for all
detected inorganics.

3.1.5 Summary of Subsurface Soil Data

Table 3-3 presents a summary of the analytic_al data associated with constituents deteéted
in subsurface soil, organized by class including VOCs, SVOCs, pesticides/PCBs, and inorganics.
’fhis table includes data which has undergoné data evaluation for the purposes of the HHRA.
~ That is, cdnsiderétion of qualified data, duplicates and SQLs (aé described in Section 2.1.3) is
incorporated into thé data summary. Each class of constituents is discussed in detail as follows.

Yolatﬂe Organics

Tvs;elve (12) VOCs were detected in subsurface soil: 1,1,1-trichloroethene (1/20),
2-butanone (2/20), acetone (7/20), benzene (2/20), chlorobenzene (3/20),
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- chloroform . (2/20), ethylbenzene (6/20), methylene chloride (1/20),
tetrachloroethane (2/20), toluene (6/20), trichloroethene (4/20), and xylenes (total)
(9/20). Concentrations = of detected VOCs range from 0.001 mg/kg
(trichloroethene and xylenes) to 15,000 mg/kg (toluene). SQLs for VOCs are
unusually high in subsurface soil sample TP-6-02-S.

Senn-Volatlle Orgamcs

Thuty two (32) SVOCs were detected in subsurface soils at Site 09. Of the 32
SVOCs, 19 were PAHs, three were phenolic compounds, four were phthalates,
and three were chlorobenzenes. The final three detected SVOCs include bis(2-
chloroisopropyl)ether, carbazole, and n-nitrosodiphenylamine.

The PAHs were generally detected at frequencies greater than 50%, and
~ concentrations range from 0.041 mg/kg (benzo(g,h,i)perylene) to 110 mg/kg
(phenanthrene). , ’

Concentrations of 2-methylphenol -(1/20), 4-methylphenol (2/20), and phehol
(1/20) range from 0.058 mg/kg (2-methylphenol) to 77 mg/kg (phenol).

Detected phthalates include bis(2-ethylhexyl)phthalate (12/20), butyl benzyl
phthalate (7/20), di-n-butyl phthalate (6/20), and diethyl phthalate (2/20).
Concentrations of these compounds range from 0.043 mg/kg (diethyl phthalate)
to 33 mg/kg (bis(2-ethylhexyl)phthalate).

The chlorobenzenes were detected at relatively low frequencies. Concentrations
of these chlorobenzenes - including 1,2-dichlorobenzene (2/20), 1,2,4-

. trichlorobenzene (1/20), and 1,4- dlchlorobenzene (3/20) range from 0.046 to 4.3
mg/kg.

Bis(2—chloroisopropy1)ether was detected at a frequency of 1/20 at a concentration
of 0.065 mg/kg. Carbazole was detected at a frequency of 6/10 at concentrations
ranging from 0.06 to 10 mg/kg. 'N-Nitroso-diphenylamine (1/20) was detected
at a concentration of 0.12 mg/kg.

In general, SQLs are somewhat elevated for SVOCs in subsurface soil. SQLs
were unusually high in two samples (test pit (TP) sample TP-6- 02 S and sample
09-MW5-04). .

o Pesticides/PCBs

Seventeen (17) pesticides and two PCBs were detected in shbsurface soil at Site
09. 4,4’-DDD, 4,4’-DDE, alpha-chlordane and. gamma-chlordane were detected
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at the greatest frequencies (30% or greater). Concentrations of all detected
pesticides range from 6.3E-05 mg/kg (delta-BHC) to 0.89 mg/kg (4,4’-DDE).

Aroclor-1254 (1/20) and Aroclor-1260 (9/20) were detected at concentrations
ranging from 0.13 to 1.7 mg/kg. SQLs for pesticides/PCBs in subsurface soil are
not unusually high.

Inorganics

Twenty-two (22) inorganics were detected in subsurface soil at Site 09. Of these
22, 10 were detected at all 20 locations. These 10 inorganics include aluminum,
arsenic, barium, chromium, cobalt, iron, lead, magnesium, manganese, and
vanadium. Thallium was the least frequently detected inorganic. Cyanide and
selenium were not detected in subsurface soil. The range of background
concentrations at NCBC Davisville was exceeded in at least one sample for all
inorganics detected. : :

3.1.6 Summary of Ground Water Data

Table 3-4 presents a summary of the analytical data for constituents detected in Phase I

and Phase II ground wéterﬁsamples. This table includes data which has undergone data

evaluation for the purposes of the HHRA. That is, consideration of qualified data, duplicates

. and SQLs (as described in Section 2.1.3) is incorporated into the data summary. Each class of

constituents is discussed in detail below.

Volatile -Organics

Sixteen (16) VOCs were detected in ground water samples collected at Site 09.
1,2-Dichloroethene was detected most frequently (15/27). Concentrations of
detected VOCs range from 0.001 mg/l (1,2-dichloroethene, benzene,
chlorobenzene, and trichloroethene) to 28 mg/1 (1,2-dichloroethene). SQLs for
VOCs in ground water are elevated in one sample (09-MW7D).

_ Seml-Volatlle Orgamcs

.Twenty eight (28) SVOCs were detected in Site 09 ground water. These 28
-compounds ' include four chlorobenzenes, eight phenols, eight PAHSs, two

chloroethers, two phthalates, carbazole dlbenzofuran, hexachloroethane, and n-
nitroso-di-n-propylamine.
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The chlorobenzene compounds were detected mfrequently (1/27 or 2/27 samples)
and at low concentrations (0.001 to 0.42 mg/1).

The phenols were also detected infrequently (1/27 or 2/27) with the exception of
2,4-dimethylphenol, which was detected in 5/27 samples. Concentrations of these
compounds range from 0.001 mg/1 (2,4-dimethylphenol, 4- mtrophenol) to 0.86
mg/l (2 4-d1methylphenol)

The PAHs were also detected infrequently (1/27 or 2/27), with the exception of
‘2-methylnaphthalene (4/27), and naphthalene (6/27). Concentrations of the PAHSs
range from 0.001 mg/l (naphthalene) to 0.066 mg/1 (acenaphthene).

Bis(2-chloroethyl)ether and bis(2-chloroisopropyl)ether were detected at
frequencies of 6/27 and 3/27, respectlvely Concentrations range from 0.001 to
0.014 mg/1.

Diethyl phthalate and di-n-butyl phthalate were detected infrequently (2/27 and
1/27, respectively) and at low concentrations (ranging from 0.001 to 0.002 mg/1).

The remaining detected SVOCs were detected 2 or fewer times, and
concentrations range from 0.001 mg/1 (n-nitroso-di-n-propylamine) to 0.01 mg/1
(carbazole).

SQLs for SVOCs in ground water are somev&hat elevated in sample 09-MW6S.
° Pesticides/PCBs |

Three pesticides, but no PCBs were detected at Site 09 in ground water samples
These pesticides include 4,4’-DDD (1/27 at a concentration of 3.7E-06 mg/l),
alpha-chlordane (1/27 at a concentration of 1.2E-05 mg/l), and dieldrin (2/27 at
a concentration of 2.4E-06 mg/l). SQLs for pesticides/PCBs in ground water are
not unusually high. _

® Inorganics

With the exception of selenium, all inorganics analyzed for were detected in
Site 09 ground water. Barjum, calcium, iron, magnesium, manganese,
potassium, and sodium were detected in all 27 ground water samples. The least
frequently detected inorganics include antimony (3/27), beryllium (2/27),
cadmium (3/27), cyanide (1/26), nickel (1/27), silver (3/27), and thallium (2/27).
No upgradient well samples were .available at Site 09 to use for comparative
purposes.
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It is important to note that a comparison of Phase I and Phase II result; indicates a
considerable decrease in the concentration of inorganics in Phase II. This decrease is believed
due to the improved sampling methodology utilized in Phase II which incorporated a low flow
rather thaﬁ é high flow technique, thereby decreasing the turbidity of the ground water samples.
Thus, the Phase }IIv ground 'Qvafer data are thought to be more reflective of the actual

' concentrations of inorganics than the Phase I data.

- 3.1.7 Summary of Surface Water Data
Table 3-5 pfesents a summary of the analytical data for constituents detected in the
Phase I surface water samples. This table includes data which has undergone data evaluation
for the purposes of the HHRA. That is, consideration of qualified data, duplicates and SQLs
(as described in Section 2.1.3) is incorporated into the data summary. Each class of constituents
is discussed in detail below.
° Volatile Organics
Four VOCs were detected in ground water samples collected at Site 09, including
carbon disulfide, 1,2-dichloroethene (total), 1,1,2,2-tetrachloroethane, and
trichloroethene. Each was detected in 1/4 samples. Concentrations of detected
VOCs range from 0.002 mg/1 (carbon disulfide and trichloroethene) to 0.006 mg/1
(1,2-dichloroethene (total)). SQLs for VOCs in surface water are somewhat
elevated in all samples. :

L Semi-Volatile Organics

None of the 64 SVOCs analyzed for presence were detected in surface water at
Site 09. : '

° Pesticides/PCBs

None of the 21 pesticides nor the seven PCBs analyzed for presence were
detected in Site 09 surface water.
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° Inorganics
Ten (10) inorganics were detected in Site 09 surface water. Calcium, iron,
magnesium, manganese, potassium, and sodium were detected in all four samples.
The remaining inorganics (aluminum, arsenic, chromium, and vanadium) were
each detected at a frequency of 1/4. '

3.1.8 Summary of Shellfish Data

Table 3-6 presents a summary of the analytical datc;l associated with constituents detected
in shellfish (clarﬁs, mussels and oystgrs) collected or deployed within Allen Harbor, organized
by class, including SVOCs, pesticides/PCBs and inorganics. Each class of constituents is
discussed in detail.below.

° Semi-Volatile Organics

Clams - Seventeen (17) speciated SVOCs were detected in clams including 15
PAHS, benzotriazole and chlorinated benzotriazole. In general, the PAHs were
detected at frequencies greater than 95%, with the exception of coronene
(detected in 14/28 of the clam samples). Concentrations range from 5.8E-05
mg/kg (dibenzo(a,h)anthracene) to 0.041 mg/kg (fluoranthene). Benzotriazole
and chlorinated benzotriazole were each detected in all 28 clam samples.
Concentrations range from 0.0014 mg/kg (chlorinated benzotriazole) to 0.082
mg/kg (benzotriazole). ’ ‘

Mussels - Seventeen (17) speciated SVOCs were detected in mussels including 15
PAHs, benzotriazole and chlorinated benzotriazole. All of the PAHs, with the
exception of dibenzo(a,h)anthracene and coronene (detected at frequencies of
19/20 and 9/20, respectively), were detected in all of the 20 mussel samples.
Concentrations range from 1.0E-04 mg/kg (coronene) to 0.089 mg/kg
(fluoranthene). Benzotriazole and chlorinated benzotriazole were each detected
at a frequency of 100%. Concentrations range from 0.027 mg/kg (chlorinated
benzotriazole) to 0.11 mg/kg (benzotriazole).

Oysters - Séventeen (17) SVOCs were detected in oysters inciuding 15 PAHs,
benzotriazole and chlorinated benzotriazole. All of the PAHs were detected at
a frequency of 100% at concentrations ranging from 9.0E-05 mg/kg .

(benzo(g,h,i)perylene) to 0.03 mg/kg (pyrene). Benzotriazole and. chlorinated -

benzotriazole were also each detected at a frequency of 100%, . with
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concentrations ranging from 5.6E-04 mg/kg (chlorinated benzotriazole) to 0.021
mg/kg (benzotriazole).

In géneral, the detected concentrations for SVOCs in shellfish (clams, mussels
and oysters) were greater than the MDLs.

° Pest1c1des/PCBs

Clams Elght pest1c1des and two PCBs (Aroclor-1242 and -1254) were detected
in clams collected within Allen Harbor. The pesticides were detected at the
following frequencies: gamma-BHC (20/26); alpha-BHC and p,p’-DDT (21/26);
alpha-chlordane (22/26); p,p’-DDD (23/26); p,p’-DDE and hexachlorobenzene
(24/26);and gamma-chlordane (25/26). Concentrations range from 2.7E-05
mg/kg (p,p’-DDE) to 0.007 mg/kg (p,p’-DDD). Aroclor-1242 and -1254 were
the only detected PCBs in clams collected within Allen Harbor. These PCBs
were detected at frequencies of 11/28 and 28/28, respectively, at concentrations
ranging from 1.2E-04 to 0.11 mg/kg.

Mussels - Eight pesticides and two PCBs (Aroclor-1242 and -1254) were detected
- in mussels deployed within Allen Harbor. Each of the constituents was detected
at a frequency of 100%, with the exception of alpha-chlordane (detected in 19 of
20 mussel samples). The range of concentrations for detected pesticides is
-7.4E-05 mg/kg (gamma-BHC) to 0.0029 (p,p’-DDD). The PCBs were detected
at concentrations ranging from 0.0012 to 0.195 mg/kg.

Opysters - Eight pesticides and two PCBs (Aroclor-1242 and -1254) were detected
in oysters collected within Allen Harbor. All of the pesticides were detected in
3/3 samples, with the exception of hexachlorobenzene (detected in only 1 of 3

oyster samples). Concentrations range from 2.8E-05 mg/kg (hexachlorobenzene)
to 0.0048 mg/kg (p,p’-DDE).

In general, the detected concentrations for pesticides/PCBs in shellfish (clams,
mussels, and oysters) were greater than the MDLs.

L _Inorganics

Clams - Eleven (11) inorganics were detected in clams collected within Allen
Harbor. All of the inorganics, with the exception of mercury (detected in 3/4
clam samples), were detected at a frequency of 100%. Concentrations of detected
inorganics range from 0.0071 mg/kg (mercury) to 1,310 mg/kg (iron).

| Mussels - Ten (10) inorganics wére detected in mussel "rsamples, each at a
frequency of 100%. Concentrations range from 0.085 mg/kg (chromium) to 130
mg/kg (iron_).
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Opysters - Ten (10) inorganics were detected in oysters collected within Allen

Harbor, each at a frequency of 100% Concentrations of detected inorganics
range from 0.0036 mg/kg (chromium) to 544 mg/kg (zinc). :

In general, the detected concentrations for i inorganics in shellﬁsh (élams mussels

and oysters) were greater than the MDLs :
The general factors consideredzto selectv COCs are déscribed in Section 2.1.4. Tables
3-2, 3-3, 3-4, 3-5, and 3-6 summarize the range of concentrations for constituents detected in
surface soil, subsurface soil, ground water, surface v?ater, and shellfish, respectively.

ﬂe COCs in these media are shown in Table 3-7. In surface soil, five VOCs, 24
SVCCs, 16 pesticides/PCBs, and 17 inorganics are selected as COCs. In subsurface soil, 10
. VOCs, 26 SVOCs, 12 pesticides/PCBs, and 16 inorganics are selected as COCs. With the
éxception of Aroclor-1254, methylene chloride, bis(2-chloroisopropyl)ether, and phenol, all
COCs in soil evaluated in the Phase I HHRA are subsequently evaluated in this Phase I HHRA.
These constituents were not selected due to a low frequency of detection in soils. Additional
COCs have been selected and include four VQCs (2-butanone, chlorobenzene, tetrachloroethene,
and 1,1,1-trichloroethane), eight SVOCs (aceﬁaphthylene, butyl benzyl phthalate, carbazole, di-
n-butyl phthalate, diethyl phthalate,. 1,2?dichlorobenzene, l,4—dichlorobenzene, ‘an.d 2,3,7,8-

TCDD), 15 pestlcldes/PCBs (aldrin, alpha- and beta-BHC, alpha- and gamma-chlordane, 4,4’-
DDT, dleldrm endosulfan II, endosulfan sulfate, endrin, endrin aldehyde, endrin ketone,
heptachlor, heptachlor epox1de, and p,p ’-methoxychlor), and six morgamcs (aluminum, barium,

cobalt, mercury, thallium, é.nd selenium).
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In ground water, 11 VOCs, 15 SVOCs, one pesticide, and 16 inorganics are selected as
COCs. All COCs in ground water evaluated in the Phase I HHRA are subsequently evaluated
in this Phase II HHRA Additional COCs have been selected‘and include five VOCs (acetone,
chlorobenzéne, 1,2-dich10roethane, 1,2-dichloroethene, and 1,2-dichloropropane), 14 SVOCs _
(acenaphthene, l).is(Z;;iﬁlbr.c)e;liyl)ether, bis(2-chloroisopropyl)ether, dibenzofuran, 1,2-
dichlorobenzene, 1,4-dichlorobenzene, diethyl phthalate, 2,4-dimethy1pheﬁol, fluorene, 2-
methylphenol, 4—methy1];)henol, 4-nitrophenol, and phenol), one pesticide (dieldrin), and 12
inorganics (aluminum, barium chromium, cobalt, copper, lead, manganese, mercury silver,
* thallium, vanadium, and zinc). Although detected in ground water, cz}lcium, iron, magnesium, -
potassium, and sodium are excluded from further consideration based on their low potential for
contributing to health risk.

In surface water, five inorganics and four volatiles are selected as COCs. The inorganics
include aluminum, arsenic, chromilim, manganese, and vanadium. The volatiles are carbon
idisulﬁde, 1,2-dichloroethene (total), 1,1,2,2—tetrach1§roethane, and trichlqroethene. Although '
detected in surface water, calcium, iron, magnesium, potassium, and sodium are excluded from

further consideration based on their low potential for contributing to health risk.

In shellfish, nine to 10 inorgahics, 17 SVOCs, and 10 pesticides/PCBs are seleéted as
COCs. The shellfish COC_s not already identified for the other media discussed above inc_lude
five SVOCs (benzotriazole, chlorinated benzotriazole, benzo(e)pyrene, coronene, and perylene),
and four pesticides/PéBs‘(gamma-BHC, hexachlorobenzene, Aroclor-1242, and Aroclor-1254).
For clams, mUSséls, and oysters, iron is excllided as a COC due to _@ts low potentialv for |

contributing to health risk and its essential nutrient status. In addition, the chemical groups
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comprised of non-specified constituents (e.g., the group identified as "MW302" or the sum of
the PAHs with a molecular weight of 302 g/mol) are also excluded from further consideration.
The rationale for excluding detected constituents from the list of COCs is provided in

Table 3-8. A

3.2 Dose-Response Assessment

Section 2.2 presents information on the non-carcinogenic and carcinogenic effects
associated with the identified constituents of potential concern. If available, non-cancer and
ca_ncer toxicity values from EPA’s (1993a) IRIS database or EPA’s (1993b) I—IEAST are used.
The cancer and non-cancer values used in the HHRA are presented in Tables 2—2 through 2-7.
Appendix A provides brief toxicity profiles which summarize the bases for these values. |

Constituents at Site 09 for which EPA: (1992a, 1993a, 1993b) has not developed toxicity
values are excluded from the quantitative risk characterization and include:

e  one VOC (1,1,1-trichloroethane),

® twels)e ('12) SVOCs (aéenaphthylene, benéotriazole, chlorinated benzotriazole,

benzo(e)pyrene, benzo(g,h,i)perylene, coronene, carbazole, dibenzofuran, 2-
. methylnaphthalene, 4-nitrophenol, perylene, and phenanthrene),
| L three pesticides (endosulfan sulfate,‘ endrin aldehyde, and endrin ketone), an'di
® three inorganics (aluminum, cobalt, and lead).
A qualitative risk evaluation of these constituents is provided in Section 3.4.2. Section

2.2.3 provides a discussion of the approach used to evaluate potential impacts of exposure to

lead, which does not currently have an assigned toxicity value.
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3.3  Exposure Assessment

This exposure assessment and associated tables and appendices i) identify the exposure
scenarios and pathways of interest, ii) calculate the EPCs used in quantifying constituent
exposures, and iii) estimate the constituent-specific exposure doses for each pathway and

scenario.

3.3.1 Selection of Exposure Scenarios and Pathways
The general exposure scenarios developed for the Phase I HHRA are described in

Section 2.3.1. Site 09 is bounded by Allen Harbor and Sanford Road. Access to the landfill
is controlled by a fence and gate on Sanford Road, and by a steep slope along Allen Harbor.
Chain-linked fences in combination with locked gatés and a patrouing security force curr;ntly
limit public access to all NCBC Davisville sites. The entire NCBC Davisville base is scheduled
to close within one year. ' |

Basedona cdnsideratién of the NCBC Davisville Comprehensive Reuse Plan (September
1993) and potential current and future land uses at Site 09, the general human exposure scenaﬁos
se]ected for the purposes of the Phase I HHRA (and discussed in detail in Section 2.3. 1) include
futuré construction activities at the site, future mcrgatibnal use of the site, and future ingestiqn
of shellfish from Allen Harbor. kesidential development is not included in the land reuse plan
. for the area of the NCBC Davisville facility in which Site 09 is lécated (i.e., Allen Harbor), and
is therefore highly ﬁnliicelj at this site. For this reason, potential exposures and risks under an

on-site residential scenario are not evaluated in this Phase II assessment of Site 09.
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3.3.2 Estimation of Exposure Point Concentrations
As specified in the Region I Supplemental Risk Assessment Guidance (EPA, 1989b), two

types of exposure point concentrations are identified for each constituent of potential concern in
each medium: the geometric mean and the maximum- detected concentration

Collectlvely, these two exposure point concentrations allow for average and upper-bound
estimates of health risk. The data used to determine the geometric means and maximum
concentrations of constituents in surface soil, subsurface soil, ground water, surface water, and
shellfish associated with Site 09 are provided in Apptandix C. |

The exposure point concentrations for constituents adsorbed to suspended particulates are

calculated using the EPA (1988a) fugitive dust model described in Section 2.3.2. Using this

approach and a site area of 15 acres (i.e., an effective width of 246 meters), the estimated
fugitive dust concentration for Site 0§ is 8E-09 kg/m3. The fugitive dust calculations .are
provided at the end of Appen'dix C. | |

The exposure point concentrations for the media evaluated in the HHRA are provided in

Tables 3-9 to 3-13 as follows‘:

_ Relevant
Table Medium . Scenario
3-9 » Surface soil (0 to 2 feet) Scenario 2 (future recreation)
3-10 Subsnrface soil (2 to 10 feet) Scenario 1 (ﬁit_ure construction)
3-11  ° Ground water | Scenario 2 (future recreation) |
3-12 - Surface water Scenario 2 (future recreation)
3-13 Shellfish ~ Scenario 3 (future shellfishing)
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3.53.3 Estimation of Constituent Exposure Doses

The estimated constituent exposure doses (mean and RME) for each pathway and scenario ‘
are presented along wifh the risk estimates in Appendix D. A discussion of the risk estimates
and tabulaf summaries of the risk estimates are provided in Section 3.4 and Tables 3-14 to 3-17.
The equations and mput baramétérs used to estimate these exposure doses follow Region I (EPA,
1989b) guidance and are provided by scenario in Section 2.3.3. The input parameters are also -
summarized and compared with Phase I values in Table 2-8.

Key exposure parameters and assumptions for each scenario are described below:

Scenario 1 (Future Construction)

The exposure pathways, equations, and input values for the future construction scenario
are provided in Section 2.3.3. Similar to the Phase I HHRA (TRC-ECI, 1991), worker
exposure to site constituents is assumed to occur through incidental ingestion of and
dermal contact with subsurface soils (2 to 10 feet). The Phase II construction scenario
also evaluates worker exposure through inhalation of suspended subsurface soil
particulates and inhalation of volatiles from subsurface soil. Additional changes in
exposure assumptions have also been made in the Phase II construction scenario. These
changes are highlighted in Section 2.3.3 and Table 2-8.

Scenario 2 (Future Recreation)

Section 2.3.3 summarizes the exposure pathways, equations, and input values for the
future recreational scenario. Exposure to site constituents is assumed to occur through
incidental ingestion of and dermal contact with surface soils (0 to 2 feet); dermal contact
with ground water and inhalation of volatiles (from ground water) during showermg, and
incidental ingestion of and dermal contact with surface water while swimming. As

indicated in Section 2.3.3 and Table 2-8, a recreational scenario was not evaluated in the
Phase I HHRA. :

Scenario 3 (Future Shellfishing)

Exposure of off-site adult residents through the ingestion of shellfish (i.e., clams,
mussels, and oysters) from Allen Harbor are considered in this scenano Th1s exposure
scenario was not.evaluated in the Phase I HHRA.
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3.4 Risk Characterization

3.4.1 Quantitative Risk Assessment

The results of the quantitative ﬁsk analysis are presented in two forms. In the case of
human health effects assocmted with exposure to potential carcmogens risk estlmates are
expressed as the hfetlme probablhty of additional cancer risk associated with the given exposure.

For determining whether non-cancer health effects may be a concern, constituent-specific
HQs are calculated. These HQs are then summed across constituents to estimate total pathway
HlIs. Section 2.4 provides additional information on the calculation of cancer risks and non-
~ cancer HIs.

Cancer risks and non-cancer HIs are discussed below for Scenario 1 (future construction),
Scenario 2 (future recreation), and Scenario 3 (future shellﬁshing). Cancer risks and non-cancer
HIs are discussed in the su.bsequentl sections for each scenario and pathway evaluated. These
cancer risks and non-cancer HIs are presented as ranges m which both the average case (based
on the geometric mean concentrations) and the RME case (based on the tnaximum concentrations
detected on-.site) are provided.

Table 3-14 presents a summary of the estimated cancer risks for all scenarios. As a
comparison, Table 3-15 provides the cancer risks_estimated using TEFs for carcinogenic PAHs.

Only those pathways for which carcinogenic PAHS are associated with cancer risks above 1E-06
are shown in this table Table 3-16 presents the estimated cancer risks for Scenario 3 (future
shellﬁshmg) calculated usmg alternate ingestion rates (1 e., those provided in EPA (1990)). The
esumated non-cancer hazard indices for all scenarios are prov1ded in Table 3-17. The chemical-

spec1ﬁc cancer nsks and non-cancer HQs are prov1ded by scenario and pathway in Append1x D.

NCBC DAVISVILLE - SITE 09 _ 3-19 HUMAN HEALTH RISK ASSESSMENT



Scenario 1 (Future Construction): Cancer Risks and Non-Cancer HIs

In this scenario, cancer risks and non-cancer HIs are calculated for incidental ingestion
of and dermal contact with subsurface soil, and inhalation of suspended particulates and
volatlhzed constituents from subsurface s011 by adult construction workers.

As shown in Table 3- 14 the total cancer risks for mudental mgestlon of subsurface soil
range from 4E-06 (mean) to 1E-04 (RME). As showu in Table D-1 .of | Appendix D, these
levels, which exceed 1E-06 by 4- and 100-fold, respectively, are primarily attributable to
arsenic, beryllium, and the carcinogenic PAHs in subsurface soil. Cancer. risks for these
individual COCs exceed 1E-06 only for the RME case. Cancer risks associated with dermal ﬂ
contact with suusurface soil, inhalation of suspendeu subsurface particulates, and inhalation of
vqlatile constituents are less than 1E-06 by at least one order of magnitude. As shewn in
Table 3-15, the cancer risks for incidental ingestion of subsurface so'il range from 2E-06 (mean)
to 3E-05 (RME) when calculated using the TEFs for carcinogenic PAHs. These estimated risks
still exceed 1E-06 by 2- and 30-fold, respectively. | |

As shown in Tabie 3-17, the HI for incidental ingestiun of soil ranges from 3E-01 (mean)
to 3E+00 (RME). The RME HI of 3E+00 is attributable primarily to antimony in soil, with
an HQ of 1E+00. Thel total Hls associated with dermal contact with subsurface soil and

- inhalation of suspended subsurface particulates are below 1E+00. The HIs for inhalation of
volaules from subsurface soil range from 6E-04 (mean) to 2E+01 (RME). The RME HI of
2E+01 exceeds 1E+00 by- a factor of 20, and is nearly 100% attributable to toluene in

subsurface soil. The RME HI is based on a maximum detected concentrat_ion of 15,000 mg/kg
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of toluene in soil. This maximum value exceeds the range of other detected toluene

concentrations (0.2 to 0.4 mg/kg) in soil by five orders of magnitude.

Scenario 2 (Euture Recreatlon) Cancer Risks and Non- Cancer Hils

In this scenario, cancer nsks and non-cancer HIs are calculated for children/youths (aged
2 to 18 yrs) using recreational areas at the site. Children/youths are assumed expesed through
incidental ingestion of and dermal contact with surface soil, inhalation .of volatiles and dermal
contact with greund, water while showering, and dermal contact and ingestion of surface water
while swimming.
As shown in Table 3-14, the total cancer risks for incidentai ingestion of surface soil
.range from 1E-05 (mean) to 6E-04 (RME). These risk levels exceed 1E-06 by factors of 10 and
600, respectively. As shown in Table D-2 of Appendix D, the COCs which contnbute the
majority of this cancer risk and Wthh are associated with md1v1dua1 cancer risks above 1E—06
include arsenic (RME only), beryllium (RME only), carcinogenic PAHs (RME only, except for
benzo(b/k)ﬂuoranthene), 2'3 7,8-TCDD, and Aroclor-1260 (RME only). The carcinogenic
PAHs contribute most of the total RME cancer risk, while for the average case, the carcmogemc
PAHs and 2,3,7,8-TCDD each contnbute about 50% of the total cancer nsk As shown in
Table 3-15, the cancer risks for incidental ingestion of surface soil range from 9E-06 (mean) to
| 2E-04 (RME) when calculated using the TEFs for carcinogenic PAHs. These risks still exceed
,. 1E-06 by 9- and 200- fold respectively. The total cancer risk associated with dermal exposure
~ to soil ranges from 6E-07 (mean) to 7E-06 (RME). The RME cancer nsk exceeds 1E-06 by

7—fold. Aroclor-1260 contributes nearly 100% of the RME risk and is the only COC associated
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with an individual cancer risk above 1E-06. The total cancer risk associated with dermal contact
with ground water while showering ranges from 2E-07 (mean) to 7E-05 (RME). The RME
cancer risk exceed; 1E-06 by a factor of 70. Vinyl lchloride contributes approximately 100%
of this risk and is the only COC with an individual cancer risk above 1E-06. The total cancer
risks for mhalatlon of volatﬂes whlle showering ranges from 2E-06 (mean) to 8E-04 (RME).

These levels exceed 1E-06 by factors of 2 and 800, respectively. Vinyl chloride contributes
nearly 100% of the risk for both the mean and the RME cases. The other COCs for which the
individual cancer ﬁsks for .inhalation of volatiles exceed 1E-06 are 1,2-dichloropropane and
trichloroethene under fhe RME case, with estimated RME risks of 4E-06 .and 3E-06,
respectively. The estimated cancer risks Vassociatéd with incidental ingestion of and dermal
contact‘ with surface water while swimming are less than 1E-06 by at least an ofder of
magnitude.

As shown in Table 3-17, the estimated non-cancer HIs for incidental ingestioﬁ of surface’
soil, dermal contact with surface soil, and dermal contact with ground water_§vhile showering
do not exceed 1E+00. The non-cancer HIs for inhalation of volatiies while showering range
.from 5E-03 (mean) to 2E+00 (RME) with the RME HI exceeding 1E+00 by a factor 6f 2. 1,2-
Dichloroethene contributes the majority of the non-cancer HI, and is the only COC With an
individual HQ greater than 1E+Q0. The estimated non-cancer HIs for incidental- ingestion of

and dermal contact with surface water are less than 1E+00.
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Scenario 3 (Future Shellfishing): Cancer Risks and Non-Cancer HIs

In this scenario, cancer risks and non-cancer HIs are calculated for off-site adult residents
-'assumed to ingest shéllfish (clams, mussels, and oystefs) from Allen Harbor. ’\
' AS‘ shown in Table 3-14, the estimated cancer risks across all three shellfish types range
from 7E-06 (mear; for élamsj 'to- 1E-05 (RME for clams and mussels). These cancer risks
exceed 1E-06 by factors of 7 and 10, respectively. For all three shellfish types, arsenic and
Aroclor-1254 are the only.COCs associated with individual cancer risks greater than 1E-06. A
With the exception of Aroclor-1254 in clams, these individual COCs exceéd 1E-06 under both |
fhe mean and RME cases. Table 3-16 provides a comparison of resultant cancer risks through
substitution of the ingestion rate provided by Narragansett Bay Projéct (n.d.) with alternate
ingestion rates (EPA, 1990a).' Use of these altex:nate ingestioh rates results in arsenic (in clams)
as the only ‘COC associated with individual cancer risks greater than 1E-06. Further, the
pathway risks for ingestioh of mussels no longer exceed 1E-06.

As shown in Table 3-17, the non-cancer HIs for ingestion of shellfish are less than

~ 1E+00.

3.4.2 Qualitative Analysis of Risks

As indicated in Section 3.2, 19 COCs are not evaluated in the quantitative HHRA due
to lack of EPA toxicity ériteria (EPA, 1993a,b). These _COCé include:

o one VOC (l,l,l-tﬁchloroethane), ‘
e twelve (12) SVOCs (acenaphthylene, benzotﬁazole, chlorinated benzotriazole,

‘benzo(e)pyrene, benzo(g,h,i)perylene, carbazole, coronene, dibenzofuran, 2-
~ .~ methylnaphthalene, 4-nitrophenol, perylene, and phenanthrene),
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three pesticides (endosulfan sulfate, endrin aldehyde, and endrin ketone), and
L three inorganics (aluminum, cobalt, and lead).

A qualitative assessment:of these COCs is provided below.

o Volétilé Orgamcs
Although 1,1,1-trichloroethane is identified as a COC in surface soil, EPA toxicity
criteria are -not available for this constituent (EPA, 1993a,b). _ 1,1,1-Trichloroethane was
“ detected in surface soil at 0.002 to 0.004 mg/kg in surface soil‘ (mean of 0.0077 mg/kg). While
the absence of toxicity values for 1,1,1-trichloroethane contributes some uncertainty to the
quantitative evaluation for surface soil, the detected concentrations and detection frequency
(3/41) are relatively low. Further, the concentrations of 1,1,1-trichloroethane and the other
volatile COCs in surface soil are similaf and these other volatile COCs (e. g., acetone,
chloroform, tetrachloroethene, and toluenej are associated with non-cancer HQs well below
1E+00 (i.e., in the range of 1E-08 to 1E-06). Thus,v the exﬁlusion of 1,1,1-trichloroethane is
unlikely to underéstimate the potential non-cancer impacts associated with exﬁosures to surface

soil.

° Semi-Volatile Organics _
~ Although acénaphthylene is identified as ‘a CQC in surfacé sbil and subsurface soil, EPA
toxicity éﬁteria are ﬁot #vailable for this constituent (EPA, 1993a,b). Aceﬁaphthylene was |
detected at 0.036 to 0.91 mg/kg in surface soil (mean of 0.38 mg/kg) and 9.047 to 0.051 mg/kg

in subsurface soil (mean of 0.31 mg/kg). In the absence of toxicity criteﬁa, non-carcinogenic
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PAHs are assumed to exhibit similar toxicity as naphthalene per EPA Region I guidance. Since
the mean aﬁd maximum concentrations of acenaphthylene in surface and subsurface soil are
similar or less than those for naphthalene (mean of 0.32 mg/kg and maximum of 9.3 mg/kg in
surface soil and mg:ap_of 054 mg/kg and maximum of 19 mg/kg in subsurface soil) and the
estimated HQs forl naéilfhalene in surface and subsurface soil are well below 1E-+00 (in the
range of 6E-06 to 2E—0§), it is unlikely that exclusion of acenaphthylene from the quantitative
HHRA contributes to an underestimation of the potential non-cancer impacts.
Although benzotriazple and chlorinated benzotriazole are identified as COCs in shellfish,
EPA toxicity criteria are not available for these constituents (EPA, 1993a,b). Benzotrilazole was
detected at 0.0048 to 0.082 mg/kg in clams (mean of 0.021 mg/kg), 0.020 to 0.11 mg/kg in
mussels (mean of. 0.045 mg/kg), andA7.1E-04 to 0.0021 mg/kg in oystefs (mean of 0.0014
. mg/kg). Chloﬁnated benzotriazole was detected at Q.0014 to 0.0084 mg/kg in clams (mean of
0.0031 mg/kg), 0.0027 to 0.019 mg/kg in mussels (mean of 0.0052 mg/kg), and 5.6E-04 to
7.5B-04 mg/kg in oysters (mean of 6.6E-04 mg/kg). In the absence of toxicity criteria for these
or similar constituents, the concentratioﬁs of benzotriazole and cﬁloﬁnated benzotriazole in Allen
Harbor shellfish are compared to those‘for reference stétiqns in Narragansett Bay (see Table C-7
in Appendix C). The mean and maximum concentrations of these two constituents in all three
shellfish types (clams, mussels, and oysters) in Allen Harbor are similar to or less than those
| for Narragansett B_ay.} Thus, while there is some unceﬁainty associated with the exclusion of
benzotriazole and chlorinéted benzotriazole from the quantitative HHRA, the concentrations of

these COCs are consistent with area-wide concentrations.

NCBC DAVISVILLE - SITE 09 3-25 - HUMAN HEALTH RISK ASSESSMENT



Although benzo(e)pyrene is identified as a COC in shellfish, EPA toxicity criteria are not
available f;)r this constiﬁent (EPA, 1993a,b). Benzo(e)pyrene was detected at 6.‘9E-04 t0 0.0071
mg/kg in clams (mean ;)f 0.0018 mg/kg), 0.0033 to 0.0074 rﬁg/kg in mussels (mean of 0.0053
mg/kg), aﬁd 0.0015 to 0.0023 mg/kg in oysters (mean of 0.0018 mg/kg). In the absence of
toxicity criteria, no;x-c;z;;cihogeﬁié fAHs are assumed to eﬁbit similar toxicity as ﬂaphthalene
-per EPA Region I guidance. Althdugh naphthalene is not identified as a COC in shellfish, the
RfDs for the non-carcinogenic PAHs that are identified as COCs in shellfish (anthracene,
fluoranthene, fluorene, and pyrene) are similar to the RfD for naphthalene. Since concentrations
of benzo(e)pyrene are similar ér less than those for these other PAHs and the estimated non-
cancer HQs for these other PAHSs are sﬁfﬁciently low (in the range of 3E-08 to 4E-05), it is
unlikely that the exclusion of benzo(e)pyrene from the quantitative HHRA underestimates the
potential non-cancer impacts associated with ingestion of shellfish from Allen Harbor. Also note
that none of tﬁe carcinogenic PAHs identified as COCs in shellfish are associated with cancer
risks above 1E-06.

Although benzo(g,h,i)perylene is identiﬁed as a COC in surface soil, subsurface soil, and |
shellﬁsh; EPA toxicity criteria are not available for this cons_tituent (EPA, 1993;1,b).
Benzo(g,h,i)perylene was detected at 0.07 to 29 mg/kg in surface soil (mean of 0.47 'mg/kg), '
0.041 to 15 mg/kg in subsurface soil (meah of 0.63 mg/kg), 1.3E-04 to 0.0043 mg/kg in clams
(mean of 4.9E-04 mg/kg), 4.1E-04 to 0.0018 mg/kg in mussels (ﬁem of 9E-04 mg[kg), and 9E-
05 to 2.3E-04 mg/kg m oysters (mean of 1.4E-04 mg/kg). In the absence of toxicity criteria,
non-carcinogenic PAHs are assumed to exhibit similar toxicity as naphtha}pné per EPA Region

I guidance. Since the mean and maximum concentrations of benzo(g,h,i)pérylene in subsurface
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soil are similar or less than those for naphthalene (mean of 0.54'mg/kg and maximum of 19
mg/kg) and the estimated HQs for naphthalene in sﬁbsurface soil are well below 1E+00 (in the
range of 6E;-QS to 2E-03), it is unlikely that exclusion of benzo(g,h,i)perylene from the
qu;antitati\-le evaluation contributes to an underestimation of the potential hon-cancer impacts for
this medium. Although fhe max1mum detected concentration of benzo(g,h,i)perylene in surface
soil is roughly 10-fold greatef than the.maximum for naphthalene (9.3 mg/kg), the means fof
these two constituents (0.32 mg/kg for naphthalene) are shniiar. Further, the HQs associated
- with naphthalene in surface soil are sufﬁciently low (in the range of 6E-06 to 2E-04) such that
the maximum concentration of benzo(g,h,i)perylene in surface soil is not likely to be of concern.

L Wﬁile naphthalene is not a COC in shellfish, the concentrations of benzo(g,h,i)perylene in
clams, mussels, and oysters are similar to those for the other non-carcinogenic PAHs (e.g.,
anthracene, fluoranthene, fluorene, and pyrene) and non-cancer HQs for these PAHs are well
below 1E+OO (in the range of 3E-08 to 4E-05). For 'thi§ reason, exclusion of
benzo(g,h,i)perylene from the quantitative evaluation is unlikely to underestimate the potential
non-cancer impacts associatéd with ingestion of shellﬁsh from Allén Harbor.

- Although carbazole is identified as a COC in surface soil and subsurfape soil, EPA
toxicity criteria are not available for this constituent (EPA, 1993a,b). Carbazole was detected
at 0.075 to 18 mg/kg in surface soil (mean of 0.53 mg/kg) and 0.066 to 10 mg/kg in subsurface
soil (mean of 0.63 mg/kg). Based on the absence of toxicity criteria for this or structurally
similar constituents? -exc:lusion of carbazble con'tribut_es some degree of uncertainty to the

guantitative evaluation for the media discussed above.
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Although coronene is identified as a COC in shellfish, EPA ‘toxicity criteria are not
available for this constituent (EPA, 1993a,b). Coronene was detected at 1.0E-04 fo ‘5 .2E-04
mg/kg in clams (mean of 1.7E-04 mg/kg), 1.0E-04 to 4.5E-04 mg/kg in mussels (mean of
1.5E-04 Iﬂg/kg), Vand 2.5E-05 to 7.2E-05 mg/kg in oysters (mean of 4.5E-05 mg/kg). In the
absence of toxicity-ACI.'iiéli‘ia, hdﬁ-cé.rcinogenic PAHs are assumed to exhibit similar toxicity as
naphthalene per EPAVRegion I guidance. Although naphthalene is not identified as a COC in
shellfish, the RfDs for the non-cafcinogenic PAHs that are identified as COCs in shellfish
(anthracene, fluoranthene, fluorene, and pyrene) are similar to the RfD for naphthalene. Since
mean and maximum concentrations of coronene in clams, mussels, and oysters are similar or
- - less than those for these other PAHs and-the estimated non-cancer HQs for these other PAHs
| are sufficiently low (in the range of 3E-08 to 4E-05), it is unlikely that the exclusion of coronene
from the quaﬁtitative HHRA underestimates the potential non-cancer impacts associated with
ingestion of shellfish from Allen Harbor.

Although dibenzofuran is identified as a COC in surface soil, subsurface §oﬂ, and ground
water, EPA toxicity criteria are not av@able for thiS constituent (EPA; 1993a,b). Dibenzofuran
was detected at 0.04 to 8.4 mg/kg in surface soil (mean of 0.21 mg/kg), 0.092 to 12 mg/kg m
~ subsurface soil (mean of 0.46 mg/kg), and 0.002 to 0.024 mg/1 in ground water (mean of 0.011
mg/l). Based on the absence of toxicity criteria for this or structurally similar constituents,
exclusion of diben;ofuran contributes some degree of unqenajnfy to the quantitative evaluation
for the media discusSed above.

Aithough 2-methylnaphthalene is identified as a COC in surface soil_i subsurface soil, and

- ground water,'rEPA toxicity criteria are not available for this constituent (EPA, 1993a,b).

NCBC DAVISVILLE - SITE 09 - 3-28 HUMAN HEALTH RISK ASSESSMENT



2—Methy1naphthalene was detected at 0.042 to 4.3 mg/kg in surface soil (mean of 0.37 mg/kg),
0.19 to 5.0 mg/kg in subsurface soil (mean of 0.71 mg/kg), and 0.003 to 0.025 mg/1 in ground
water (mean of 0.11 mg/l). In the absence of toxicity cﬁteﬁa,-non-carclinogenici PAHs are
.assumed to exh1b1t snmlar tox101ty as naphthalene per EPA Region I guidance. Since the mean
and maximum concentratlons of 2- methylnaphthalene in surface soil, subsurface s01l and ground
water are similar or less than those for naphthalene and the estimated HQs for naphthalene in
these media are well below 1E+00 (in the range of 6E-06 to 2E-03), it is unlikely that exclusion
of 2-methylnaphthalene from the quantitative HHRA contributes to an underestimation of the
potential nen-cancer impacts.

Although perylene is identified as a COC in shellfish, EPA toxicity criteria are not
available for this constituent (EPA, 1993a,b). Perylene was detected at 1.6E-04 to 0.0023
-rn'glkg in clams (mean of 4.1E-04 mg/kg), 4.4E-04 to 0.0014 mg/kg in mussels (mean of
8.1E-04 mg/kg), and 1.3E-04 to 2.5l3-04 mg/kg in oysters (mean of 1.8E-04 mg/kg). In the
absence of toxicity criteria, nen-carcinegenic PAHs are assumed to exhibit similar toxicity as |
naphthalene per EPA Region I guidance. Although naphthalene is not identified as a COC in
shellfish, the non-cancer RfDs for the non-carcinogenic PAHs that are identified as COCs in |
.shellﬁsh (anthracene, ﬂnoranthene, fluorene, and pyrene) are similar to the RfD for naphthalene.
Since concentrations of coronene in clams, mussels, and oysters are similar or less than those
~ for these other PAHs and the estimated non-cancer HQs for these other PAHs are sufﬁciently
low (in the range of 3E-l)8 to 4E-05), it is unlikely that the exclusion of coronene from the
quantltatxve HHRA underestimates the potential non-cancer impacts assoc1ated with ingestion of

shellfish from Allen Harbor
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Although phenanthrene is identiﬁed as a COC in Surface soil, subsﬁrface soil, and
shellfish, EPA toxicity criteria are not available for this constituent (EPA, 1993a,b).
Phenanthrene was detected at 0.052 to 120 mg/kg in surface soil (mean of 1.0 mg/kg), 0.078
to 110 mg/kg m Subsp;face spil (mean of 1.4 mg/kg), 4.7E-04 to 0.0078 mg/kg in clams (mean
of 0.0021 mg/kg),'9.2'1.:3—‘()4_to 0.013 mg/kg in mussels (mean of 0.0035 mg/kg), and 0.0041 to
0.0052 mg/kg in oysters (mean of 0.0046 mg/kg). -In the absence of toxicity criteria, non-
carcinogenic PAHs are assumed to exhibit similar thicity as naphthalene per EPA Region I
guidance. Although the mean and maximum concentrations for phenahthrene in surface soil and
subsurface soil exceed those for naphthalene, the non;cancer HQs associated with napﬁthalene
in surface and subsurface soil are sufficiently low (in th;: range of 6E-06 to 2E-03) such that the
concenhaﬁoﬁs of phenanthrene in soil are not likely to be of cdncem. While naphthalene is not
a COC in shellfish, the concentrations of phenanthrene in clams, mussels, and oysters are similar
to those for the other non-carcinogenic PAHs (e.g., anthracene, fluoranthene, fluorene, and
pyrene) and non-c;mcer HQs for these PAHS are well below 1E+00 (in the range of 3E-08 to
4E-05). For this reason, .exclusion of phenanthrene from ‘the quantitative evaluation is unlikely |
to underestimate the poténtial non-cancer impacts associated with ingestion of shellfish from

. AllSn Harbor. | |

| Aithough 4-nitrophenol is identified as a COC in ground water, EPA toxicity criteria are
~not :}vailable fdr this constituent (EPA, 1993a,b). 4-Nitrophenoi was detected at 0.001 to 0.003
mg/1 in ground water (méan of 0.016 mg/l). Although there are no toxicity criteria for this or
structurally similar constituents, the frequency of detection (2/27) and _dqfected concentrations

of 4-nitrophenol are relatively low. Further, the detected and mean concentrations of
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4-nitrophenol in ground water are less than EPA’s lifetime health advisory for this constituent
of 0.06 mg/l (EPA, 1993d). Thus, the exclusion of 4-nitrophenol is unlikely to underestimate

the potential health impacts associated with exposures to ground water.

° Pesti.cidgs'/lPCBs' |

Although endosulfan sulfate is identified as a COC in ;urface soil, EPA toxicity criteria -
are not available for this consﬁtuent (EPA, 1993a,b). Endosulfan sulfate was detected in surface
soil at 6.2E-04 té 0.033 mg/kg (mean of 0.011 mg/kg). Based on structure-activity relationships
and best professional judgement, the toxicity of endosulfah sulfate is assumed similar to -
vend'osulfan. Although the mean and maximum concentrations for endosulfan sulfate in surface
soil exceed those for endosulfan, the non-cancer HQs for endosulfan in surface soil é.re well
. below 1E+00 (in the range of 9E-06 to 6E-05). For this reason, it is unlikely that exclusion
of endosulfan sulfate from the duantitative HHRA contributes to an underestimation of the
potential non-cancer impacts associa£@ with exposures to surface soil.

Although endrin aldehyde.and endrin ketone are identified as COCs in surface soil, EPA -

toxicity criteria are not available for these constituents (EPA, 1993a,b). These COCs are

' ~ metabolites of the parent compound endrin and, based on best professional judgement, are

assumed to exhibit similar toxicity as endrin. Endrin aldehyde was detected in surface soil at
4.5E-04 to 0.11 mg/kg (mean of 0.0053 mg/kg), while endrin ketone was detected in surface
soil at 3E-04 to 0.657 lmg/lfg (mean of 0.012 mg)kg). Although the maximum cOncéntration of
' endrin aldehyde and' the mean and maximum concentrations of endrin ketone in surface soil

exceed those fbr endl‘in; the non-cancer HQs for endrin in surface soil are sufficiently low (in
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the range of TE-06 to 2E-05) such that the concentrations of endrin aldehyde and endrin ketone
in surface soil are not likely to be of concern. That is, it is unlikely that exclusion of endrin
aldehyde and endrin ketone from the quantitative HHRA contributes to an underestimation of

" the potential non-cancer impacts associated with exposures to surface soil.

° Inorganics

_Although aluminum is identified as a COC in surface soil, subsurface soil, ground water,

. and surface water, there are no toxicity values established for aluminum by the EPA (1993a,b).
Aluminum, which is one of the most abundant metals in the éaﬁh’s crust and is ubiquitous in
air, water, and soil, was detected at 2,400 to 38,000 mg/kg m surface soil (mean of 5,700
mg/kg), 3,000 to 18,000 mg/kg in subsurface soil (mean of 6,000 mg/kg), 0.044 to 38 mg/l in
ground water (mean of 0.36 mg/l), and 0.34 mg/l in surface water (mean of 0.37 mg/l).
. Comparison of the aluminum concentrations in surface soil and subsurface soil to the maximum
NCBC Davisville background soil concentration (8,560 mg/kg) indicates that 5/41 of the surface
soil samples and 3/20 of the subsurface soil concentrations exceed NCBC Davisville background.-
These aluminum concentrations are also compared to the range of aluminum concentrations at
'easte'mlv U.S. background loéations .(USGS, 1984) of 7 to 100,000 mg/kg. This comparison
indicates that aluminum levels in on-site surface and subsurface soil are within the range for the
eastern U.S. No hgalth—based criteria were identified to evaluate ‘the concentrations of aluminum
detected in ground Qatér or surface water. Based 'on -the .abunda'm'ce of aluminum in

environmental media, it is unlikely that the exclusion of aluminum from the quantitative risk
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evaluation contﬁbutes to an underestimation of potential non-cancer impacts for the media.
discussed above.‘

Although cobalt is identified as a COC in surface soil, subsurface soil, and ground water,
no toxicify values for cobalt have been‘published by the EPA (1993a,b). Cobalt, which is an
essential componeht of Vltamm 312 and required for the producﬁon of red blood cells, was
detected at 1.9 to 431 mg/kg in surface soil (mean of 9.4 mg/kg), 2.5 to 26 mg/kg m subsurface
soil (mean of 8.9 mg/kg), and 0.0055 to 0.050 mg/l in ground water (mean of 0.010 mg/l).
.Comparison of the cobalt concentrations in surface soil and subsurfacg soil to the maximum
NCBC Davisville background soil concentration (4.6 mg/kg) indicates that 23/41 of the surface
soil samples _vand 16/20 of the subsurface soil samples éxceed NCBC Davisville background.
These cobalt concentrations are also compared to cobalt concentrations at eastern U.S.
background lécaﬁons (USGS, 1984) which range up to 70 mg/kg. This comparison indicates
that cobalt levels exceed the range-for eastern U.S. Background in 3/41 of the surface soil
samples, while all the subsurface soil samples are within this range. No criteria were identified
(e.g., an MCL) to evaluate the concentrations 6f cobait detected in on-site ground water. In
Suinmary, exclusion of cobalt from the quantitative evaluation is"associatved with some degree
of uncertainty given the lack of toxicity-based criteria.

| Although lgad is identified as a COC in surface soil, subsurface soil, ground water, and
shellfish, EPA ha_s considered it inappropriate to develop toxicity values for inorganic lead
'(EPA,- 1993a,b). Hcsweiler, the health effects of lead include cognitive and motor defects in
children, lead-induced anemias, increased susceptibility to viral infections and in chronic adult

lead poisoning, peﬁpheral neuropathies. Lead was detected at 3.8 to 8,710 mg/kg in surface
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soil (mean of 110 mg/ké), 3.4 to 2,130 mg/kg in subsurface soil (mean of 130 mg/kg), 0.0028
- to 0.026 mg/1 in ground water (mean of 0.0034 mg/I), 0.065 to 4.3 mg/kg in clams (mean of
0.19 mg/kg), 0.25 t0°0.61 mg/kg in mussels (mean of 0.45 mg/kg), and 0.11 to 0.25 mg/kg in
oysters (mean of 0.17 mg/kg). Comparison of the surface soil and subsurface soil lead
concentrations to the mammum ﬁéBC Davisville background soil concentration (53.8 mg/kg) \
indicates that 25/41 of the surface soil samples and 15/20 of the subsurface soil samples exceed
NCBC Davisville backgrour;d. These lead concentrations are also compared to lead
concentrations at easterﬂ U.S. background locations (USGS, 1984) which range up to 300
mg/kg. This background range is exceeded for 15/41 surface soil samples and 7/20 subsurface
soil samples. The concentrations of lead in on-site soil are also compared to the soil cleanup
level of total lead of 500 to 1,000 mg/kg, proposed in the Interim Guidance on Establishing Soil
Lead Cleanup Levels at Superfund Sites (EPA, 1989c). (Note: It should be emphasized that
this soil cleanup level range is issued as part of a guidance document, not a regulation, and is
directed to address direct soil contact at residential settings. However, residential areas are not
included in the land reuse plan for Site 09 based on the Comprehensive Reuse Plan, Davisville
NCBC, Developmént Reuse Scenarios (September, 1993).) The levels of lead on-site exceed
this range in 5)41 surface soii samples and 3/20 subsurface soﬂ samples. In comparison to
RIDEM’s guidance level of 300 mg/kg for lead in soil, 15/41 surface soil samples and 7/20
subsﬁrface soil sémples are pofentially elevated. The concentraﬁons of lead in on-site ground
water are compared fo t-he‘ drinking water action level for lead of 0.015 mgll. Lead
concentrations in on—sité grouﬁd water gxceed this action level in 2/27 sarqples. For shellfish,

the concentrations of lead in shellfish from Allen Harbor are compared to those for shellfish
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from reference stations in Narragansett B_ay (see Table C-7 in Appendix C). With the exception
of the maximum concentration of lead in Allen Harbor 'clams, tne mean and maximum
concentrations of iead in Allen Harbor shellfish are similar or less than thosé for the reference
stations. On the bas1s of thlS quahtatlve assessment, it is possible that the exclusion of lead as
a COC from the quantltanve HHIU\ contributes to an underestimation of the potentlal health

impacts for the media discussed above.
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4.0 UNCERTAINTY ASSESSMENT
4.1 Hazard identiﬁcation

The primary sources of uncertainty associated with the hazard identification are the

environmental szl;mpling'and analysis, and the subsequent selection of COCs. Uncertainties _

associated with en\firc;ﬁ;ﬁéntél samphng and analysis are discussed in Section 4.3.

The selection of COCs is intended to identify'thbse constituents which are likely to
contribute the most to potential health risks. Most of the uncertainty in the COC selection is
associated with the uncertaintieé in the environmental sampling and analysis. For example,
while it is reasonable to assume a constituent is. not likely to be site-related if it is detected in
less than 5% of the samples, it is possible for a sampling program to be unintentionally biased'
such that the location where a constituent was disposed of was sampled only bnce. Usinga 5%
criterion in this situation might result in the'exclusion of such a éonstituent from the HHRA.
It is important to note, however, that in most cases hot spots or visually contaminated locatioﬁs
tend to be over-represented rather under-represented in'a sampling ‘program. It is also possible

for degradation products of site-related constituents to be detected infrequently or in locéﬁzed
areas initially, only to become more widespread over time. Despite these uncertainties, the COC
selection process is intended to bé conservative with an aim towards being inélusive, rather than
limited 1n nafure. Of the 109 constituents detected in one 01; more on-site media at Site‘09, 84
| are identified as COCs. Of the 57 constituents detected in surface water or shellfish from Allen

Harbor, 41 are selected as COCs.
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4.2  Uncertainties Related to Toxicity Information

There are several main sources of uncertainty related to the toxicity information. First,
the availability and quality of toxicity data affects the ability of experts to derive toxicity criteria
and the quahty/certamty of the tox1c1ty criteria that are derived. The exclusion of constituents
without toxicity criteria from the HHRA also represents a potential source of uncertainty.
Constituents of potential concern at Site 09 for which no EPA (1993a,b) 'toxicity values are
‘available are identified and discussed qualitatively in Section 3.4.2. As discussed, the exclusion
of most of these constituents is unlikely to underestimate the potential cancer risks or non-cancer
Hls. For carbaaole, dibenzofuran, and cobalt in soil, there is some uncertainty associated with
their exclusion as tbxicity-based criteria are not available for tl1ese or structurally similar
constituents. For lead in soil, the potential ﬁsks may have been underestimated since the
RIDEM guidance level of 300 mg/kg and/or the EPA interim cleanup level af 500 to 1,000
mg/kg are exceeded for a number of samples.

The uncertainty associated with the toxicity values for each constituent contributes to the
overall uncertainty in the risk characterization of the site. The possible sources of uncertainty
fora given constituent int:ludei the number of available studies, the quality of these studies, the
consistency among the study results (e.g., across species, strains, sex and exposure pathways),
the plausibility‘of the biological mechanism, and the existence and nature of a dose-response
relationship. The quality of individual studies is influenced by some of these same factors as
well as the test species; the dose used, the route of exposure, the length of exposure, and other

study design issues (e.g., sample size and statistical power). For example, animal to human
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“extrapolation, high dose to low dosé extrapolation, and shon—terrﬁ to long-term extrapolation
often iniro&uce considerable uncertainty into the derivation of toxicity values.

| An additional source 'Qf uncertainty in the toxicity assessment is the use of toxicity values
for one constituent for other sfmcmmuy similar constituents (e.g., PAHs), the use of oral
toxicity values to a'ssess 'tﬁe potential risks from inhalation exposufes '(for all COCs) and from
R dermal expésures (for cadmium, PCBs, and 'i‘CDD), and the use of chronic RfDs for asseséing
subchronic exposures in the absence of subchronic RfDs. Although the assignment of the
benzo(a)pyrene cancer slope factors- to other cé.rcinogérﬁc PAH compounds follows current
~ RegionI guidance (EPA, 1989b), this approach likely creates a considerable overestimate of risk
since benzo(a)pyrene is one c;f the most potent PAH compounds (Rugen et al., 1989;
ICF-Clement, 1987; EPA, 1985). Howéver, cancer risks above 1E-06 were generally estimated .
for both the benzo(a)pyrene and the TEF approabhes. Other cross-assignments from one
consti_tuent to another did not result in cancer risks greater than 1E-06 or HQs greater thah
1E+00.

For assessing risks from dermal_eXposures to cadmium, PCBs, and 2,3,7,8-TCDD, the
oral toxicity values for these constituents were used. Per EPA (1992c) guidance, the oral slope
factor for PCBs was ﬁot adjusted since (although the slope factor is intake-based) oral absorption
~ of PCBs 1s nearly 100%. The oral slope factor for 2,3,7,8-TéDD was adjusted for oral
absorption since the slope factors are based on intake rather than absorbed dose and oral
absoxptidn is less than }OO%. The non-cancer toxicity values for cadmium are already dose- .
based and were therefore not adjusted. In addition to differences in absorption following

ingestion and dermal contact, the toxicity of constituents is 'aiso' likeljfo vary depending on’
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other differences (e.g., in metabolism, distribution, elimination) between the oral and dermal
exposure routes. Dermal contact with Aroclor-1260 in surface soil under the RME case is the
only constituent/pathway combination for which cancer risks above 1E-06 were estimated.

Similar to the_ use of .oral tpxicity values to assess dermal exposures, the assignment of
oral toxicity yalues. to aiéséss inhz';llation exposures represents another source of uncertainty in the
HHRA. In the absence of inhalation toxicity values for a constituent, the oral valués were used
' provided that they were based on non;contact site effects.  Although pathway-specific
pharmacokinetic differences may exist, the cross-assignment of slope factors and RfDs from oral
to inhalation did not generally result in cancer risks or non;cancer HQs greater than 1E-06 and
1E+00, respectively. The one exception is 1,2-d_ichloroethane in ground water under Scenario. 2
(future recreation).

For assessing subchronic exposures (e.g., construction activities), chronié RfDs were
used in the event subchronic RfDs were unavai]ablé. Although this approach is likely to
introduce uncertainty into the risk estimates for these shorter-term exposures, it is likely to
overestimate rather than underestimate the potential health risks. With the exception of toluene
in subsurface soil (Scenario 1 (future construction)), none of these cross-assignniénts from

 chronic to subchronic resulted in HQs greater than 1E+00.

4.3  Uncertainties Related to Exposure Assessment
Assumptions are inherent in any assessment of exposure and risk. This section identifies
and quantifies to the extent possible the uncertainties associated with the exposure assessment -

for Site 09. The major areas of uncertainty include the selection of EPCs, selection of current
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and future land uses, selection of exposure pathways, and the selection of specific exposure

parameters.

4.3.1 Environmental Sampling and Analysis

As described prev1ous1y, soil, ground water, surface water, and shellfish samples were
collected and analyzed for a vﬁety of constituents including VOCs, SVOCs, pesticides/PCBs,
and inorganics. There are several potential sources of uncertainty associated with the collection
and analysis of these samples. First, the list of constituents Analyzed for pfeséncé in the
samples, although fairly comprehensive, may not reflect all of the constituents present at Site
09. Second, the number of samples analyzed within each media (e.g., soil, water) may not be
sufficiently large to characterize with high confidence the distribution of constituent
cpncentrations in each medium. Further, the sampling locations may not accurately reflect the
range, frequency, and distributioﬁ of constituents at the site.. | This pheﬁomenon could lead to
an under- or over—represéntation of (for example) the frequency aind magnitude of hot-spot
concentrations.  Finally, thére- are uncertainties as'sociatéd with the analytical' methods and
instruments used in the analysis of samples. For'example, the values reported as npn-detected
may actually range from not present up to the value of tﬁe SQL. The replacement of non-detects
. | with a value equal to thc;, SQL or one-half the SQL is intended to be reasonably conservative,
but could over- or underestimate the actual constituent concentrations present in the
environmental media. |

| The EPA (1988a) model used to estimate the concentrations of particulate-adsorbed

constituents in air is also associated with uncertainty. The key model aséumptions include the
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time frame during which dust er;lissions occur (e.g., during construction work) and the use of

_ayearly average wind speed. The potential impact of these assumptions will be to underestimate
risk if these construction activities occur for a longer period of time than originally estimated
or if daily wind speed_sA.exceed the annual average wind speed. Sirnﬂarly, the risk will be
overestimated if thé ré\;erse were to occur.

With regard to the EPCs for subsurface soil constituents volatilized into air 'duﬁng
construction activities, the key uncertainties relate to the models used to estimate the flux of
constituents to the soil surface and the resulting ambiént air concentrations. The key model
inputs include constituent-specific estimates of diffusivity, and the default values used for soil
porosity, density, moisture, and wind speed. The inputs used are intended to be conservative

" (i.e., health protective)', but could over- or under-estimate the actual values and thus the potential
exposures and risks.

The model used to estimate the vélatiﬁzation of chemicals from ground water du_ring
showering is based on the Ideal Gas Law and constituent-specific estimates of volatility. The
avzﬁlability and reﬁabiﬁty of constituent-specific volatility data introduce uncertainty into the
resulting air concentration estimates. - Available volatility estimates may under- or overestimate
a constituent’s actual tendency to volatilize (i.e., move from watef into air). 'fhe model
assumption that equilibrium is achieved between the two' média (i.e., water and air) is likely to
overestimate the aJr concentrations while showering in the event equilibrium is not achieved over

the course of a 10-minute shower as assumed for Scenario 3 (future recreation).
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4.3.2 @w :

Currently, Site_: 09 covers an area of ap_pro;dmately 15 acres on the western side of Allen
Harbor. Future commercial/industrial use (e.g., through conversion of the NCBC Davisville
base) isk pdssible? although the Comprehensive Reuse Plan for NCBC Davisville indicates a
potential recr_eationul use for this site. The HHRA considers potential risks associated with
cbnstruction, nearby residents or other people using Site 09 for recreationul purposes in the
future, and off-site adult residents ingesting shellfish found in Allen Harbor. The selection of
recreétional/conservation land use at Site 09 is based on the Comprehensive Reuse Plan for
NCBC Davisville. None of the NCBC Davisville sites, including Site 09, are targeted for
~ development as residential areas. The selected scenarios are intended to represént the spectrum
of reasonably likely land uses, but do not necessarily. reflect all theoretically possible exposure
scenarios at Site 09. Further, the riéks associated with the selected scenarios are conditioned
‘on these land uses occurring. |

Historically, Site 09 has been used as a landfill, and the site could conuéivably be
redeveloped for private industrial or commercial use. However, as indicated, the putential use
of the site is likely to be recreational. Consequently, the uncertainty associated with Scenario 2
(futufe recreatiou) is expected to be relatively low. The uncertaiuty associated wi.th .Séenario. 1
(future construction) at the site, which evaluates the potential risks to workers engaged in
construction, excavation, or utility activities is likely to be minimal given the likelihood of these
activities in the future (e.g., during the devélopment of a recreatiunal facility). Scenario 3
(future shellfishing) is associated with a considerable degree of uncertainty.  Although

shellfishing in Allen Harbor is reportedly not allowed, this activity may. stili occur in the future.
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The occurrence of future shellfishing depends on a variety of factors (e.g., continued yield,

enforcement/removal of restrictions, etc.).

4.3.3 Exposure Pathways

The HHRA -forAS:itAe' 09 evaluates exposures through ingéstion of and dermal contact with
surface and subsurface soils, exposures to ground water while shqwering, exposures to surface
water while swimming in Allen Harbor, and exposures through ingestion of shellfiéh from Allen
Harbor. These exposu£e pathways are intended to be representative of the most likely routes
of exposufe, but do not necessarily reflect all theoretically possible means of contact between
the identified feceptors and the environmental media. The risks associated with these exposure
pathways are conditioned upon the land uses and exposure routes occurring.

There is additional uncertainty associated with evaluating the risks from the dermal
exposure to soil pathway. That is, the assessment has necessarily been limited to three
constituents, cadmiumv, PCBs, and TCDD, which are the only 'constituents with approved EPA

~absorption factor values (EPA, 1992c). The fact that other constituents at the site have been
excluded from the dermal pathway assessment will likely introduce an underestimation of risk
at the site. However, the protocol used in this HHRA follows EPA Region I guidance and
avoids the introduction of potentially greater uncertainty associated with the use of published,

but not EPA-approved, absorption factors for other constituents.
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4.3.4 Exposure Parameter Values

Table 2-8 summaﬁzes the assumptions used to estimate exposure (i.e., soil ingestion rate,
exposure frequency, etc.). The exposure estimates produced for each receptor in each scenario
are based on NUMErous variables with varying degrees of uncertainty This discussion will focus
on these parameters and the assoc1ated range of uncertainty. Table 2-8 is separated into those
parameters which apply to all scenarios (i.e., global variables), and those which apply

specifically to an individual scenario.

L Global Variables (All Scenarios)

Table 2-8 lists the parameters and associated values which are used in each of the
scenarios. The body weight range for children/youths (age 2 to 18 years) is derived from EPA
(1990a). The actual value used represents a weighted average based on the body weights for
eaeh of the intervals within the 2 to 18 year age group. Sirhilarly, for adults (18 to 65 years),
a range of body weights is 'presented, along with the average body weight (70 kg) for the group.
While there is a range of body weights for each age group; this exposure parameter is not
expected to contribute a significant degree of uncertainty to the assessment.

For the construction scenario, adults are assumed to have an exposure duration of 1 year,
which is a reasonable time period for construction on a site. The exposure duration used for the
recreational scenario is 16 years (4 years from 2 to 6 years old and 12 years from 6 to 18 years
~old). This age range is conservatlve in that children younger than two years are unlikely to

spend time playing in a park while people older than 18 are likely to be much less exposed than

area residents who are younger. Finally, the exposure duration used for the shellﬁshmg scenario
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is 30 years. This estimate eorresponds to the 90th percentile for the length of time spent at one
residence by home owners (EPA, 1991a) and its use likely overstates the potential risk.

The ranges associated with exposure duration are only large when considering adults.
Despite thie 'range, the velues used are expected to proi'ide conservative estimates and will likely
overstate the pbtenﬁal nsk .

* Averaging time is the time period over which exposures are averaged. Uncertainty is
expected to be minimal for the averaging time used to estimate cancer risk since it equals
lifetime duration times 365 d/yr. The non-cancer »averaging time equals the exposufe duration
times 365 d/yr and will therefore be more uncertain given the underlying uncertainty in exposure
duration.

The ranges of RAFs for organic and inorganic compounds may vary from no differences
in absorption to large differences in absorption. This range is likely to contribute a large degree
of uncertain_tyi to the exposure estimates. The vﬂues chosen for ingestion and inhalation RAFs '
are representative for classes of compounds; and are provided by EPA Region I (EPA, 1989b).
The values chosen for dermal RAFs for cadmium, PCBs, and TCDD are based on or equivalent
to the dermal absorption fractions provided in EPA’s (1992c) dermal exi)osure assessment
guidance. For cadmium and PCBs, the absorption values (0.01 for cadmium and 0.06 for PCBs)

| are used as the RAFs since the oral toxicity values are based on absorbed dose (i.e., cadmium)
or the oral ab'smpt.ion is nearly 100% (i.e., PCBs). For TCDD, a dermal RAF of 0.04 is
estimated by dividing‘the' dermal absorption value (0.03; EPA, 1992c) by the oral absorption
value cited in HEAST (0.75; EPA, 1993b). The dermal RAFs may be} associated with less

uncertainty than those used for ingestion and inhalation since they are based on constituent-

NCBC DAVISVILLE ' 4-10 HuMAN HEALTH RISK ASSESSMENT



specific inforrﬁation rathex" thaﬂ on generalizations about classes or groups of constituents. To
estimate dose absorbed by dermal contact with surface waterl while swimming and dermal contact
with ground water whiie showeﬁng, permeability constar.lt‘s‘ (K,) provided by EPA (19920) .
correctpd for ora_l absorption are used.

The soil contact rate established by EPA Region I (EPA, 1989b) is based upon three
parameters:  soil deposition rate, skin.surface area and percent (fraction) exposed. Each of these
pai'ameters contains some degree of uncertaint)'}. Soil deposition rate (also known as soil
adherence factor) may range from 0.2 to 1.5 mg/cm? (EPA, 1992c). The value used by EPA
Region I.of 0.5 mg/cm? was chosen as a reasonable estimate following a literature review (EPA,
1989b). Thus, a three-fold difference exists bétween the actual value used and the upper-bound
estimate of adherence. In this HHRA, a surface a.reaA of 4,000 cm?, the value Region I
recommends for activities involvhing extensive contact with soil, is used for the construction
scenario. A surface area of 1,420 cm? is used for children/youths aged 2 to 18 years playing
at a site, and is based on EPA (1992c) guidance. It assumes that 25% of total body surface area
is exposéd fér 2 to 6 year olds and that 10% is exposed for 6 io 18' year olds. A iarge degree
of uncertainty is éssociated with both of these values (i.é., soil adherence and surface areé), and
.is dependent on soil type, age, and actual area exposed. For example, the area exposed could
theoretically range from zero to the total body surface area. Finally, a _factor of 50% is applied
to account for the percentage of surface area actuaily cerred with soil (EPA, 1989b). This

factor is not likely to contribute much uncertainty to the assessment.
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Construcﬁon Scenario (Future)

Of the parameters presented in Table 2-8, the modeled ambient dust coﬁcentration and
the modeled ambient air concentrations of volatiles are expected to contribute the largest degree
of uncertaiﬁty to the exposure estimates for this scenario. The EPCs available at the site include -
constituent concenf-laiiéﬁs 1n sbii and ground water. Since airborne concentrationé of
constituents (e.g., fugitive dust) were not sampled during the field program, the EPCs for this
medium must be modeled. Although it is always rﬁore accurate to have sampling data, the use
of transport models represents a good faith attempt to estimate unknown values from knéwn
ones. Exposure frequency and duration represent additional sources of uncertainty for this

scenario.

i Recreational Scenario (Future)

The primary source of uncertainty for this scenario is the characterization of future
recréational activities at Site 09. The'I.-IHRA conservati?ely assumes that this site is developed
into a park (containing an area for swimming and a recreational facility for showering) with
public access to people of all ages. Of the scenario-specific parameter values used in the
recreational scenario, the skin surface area of children/youth exposed while swimming/wading,
exposure ffééluency, and exposure time while swimming, ingestion rate of surface water while
swimming, and exposure frequency and exposure time while showering are likely to be the
largest contributors to .unc'enainty. |

A skin surface area of 12,000 cm? is used for children/youthls _gg'ed 2 to 18 slears

swimming/showering at Site 09, and is based on EPA (1992c) guidance. It assumes that 100%
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of the total body surface area is exposed for the children/youths while swimming/showering

| (EPA recommends use of 75-100% of total skin area be assurﬁed). 'The exposure frequency (20
days/year) and exposure time (0.5 hr/d) values used may over- or under-estimate potential risks
to recreational swimmers/waders; The reported range for exposure fréquency and time for a
swimmer is 5 days7yééf for 0.'5'h(')urs/day for an average recreational swimmer to 150 d/yr for
1 hour/day foi' a person who swims regulariy for exercise or competition‘ (EPA, 1992¢). For
this scenario, the ekposhre frequency chosen is based on exposure being lixﬁited to 2 days/week
during the 10 weeks of summer, and is. co‘nsidered reasonable given the regional climate. An
exposure time of 0.5 hr/d corresponds to the recommended default value which EPA (1992c)
estimaﬂ:s is a reasonable average value for a recreational swimmer. For incidental ingestion of
surface water while swimming,‘ an ingestion rate of 50 ml/hr corresponds to a reasonable
estimate by EPA (1989a). No estimate of the potential émount of surface water ingested while
wading, an exposure pathw.ay expected in the younger children, is available.

Of the specific parameters used in the recreational showering pathway, 'exposure
frequency (20 d/yr) and exposure time (0.16 hr/d) are likely to be the largest contributérs to
uncertainty; The exposure frequency was chosen to correspond to the frequency of swimming
2 d/wk during the 10 week summer months). The showering exposure time value of 0.16 hr/d
corresponds to the median éstimate by EPA (EPA, 1992¢) for showering time.

While the overall characterization of site use and associated exposure parameters may be

uncertain, the values used are expected to overestimate rather than underestimate potential risks.
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° Snellﬁshing Scenario (Future)

Of the parameters presented in Table 2-8, the ingestion rate used for mussels, clams, and
oysters is associated with the greatest degree of uncertainty. Thrs value (1,200 mg/d) is based
on an estlmated of seafood servmg sizes (1 e., 150,000 mg/meal) and Rhode Island survey
information on the typlcal number of hard-shell clam (i.e., quahog) meals per year (i.e., 2.9
meals/year) (both provided by RIDEM in Narragansett Bay Project (n.d.)). Ingestion rates
specific to mussels and oysters are not provided in Narragansett Bay Project (n.d.) and are
| conservatively assumed to equal the one reported for clams. The resulting ingestion rate of

1,200 g/d is three times higher than the alternate clam ingestion rate of 442 mg/d and four times
| higher than the alternate oyster ingestion rate of 291 mg/d, both as presented by EPA (1990a).
The EPA (1990a) values are based on a month long survey which requested consumer
information on the type and amount of fish consumed and is believed to represent 94% of the
general population. Although an ingestion rate for mussels is not available in EPA (1990a), the
~value reported for "other shellfish” (13 mg/d) is used as a comparison. The Narragansett Bay
Project (n.d.) ingestion for clams (1,200 mg/d) is 92-fold greater than this rate. Although the
: values for exposure frequency and fraction from the area near Site 09 (350 d/yr and 1,
- respectively) are likely to be associated with some uncertainty, these values are upper-bound

estimates and are likely to overestimate the potential risks.

| 4.4  Uncertainties Relafed to Risk Characterization

- The uncertainties associated with the risk characterization may be categorized into two |

- ... groups: those related to the components of the risk estimates (i.e., the estimates of exposure .
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and toxicity) and those inherent in the risk characterization methodologies. The uncertainties
associated with the risk characterizations for the site (i.e., discussions of constituents

contributing the most to cancer and non-cancer risks) are discussed below.

Uncertainties Associated with Summation of Risks Across Constituents

For the risk estimation of cancer and of chronic non-cancer heélth effects, risks for all
constituents m each pathway have been summed to yield the risk for each pathway. This is a
conservative approach since, in general, different cdnstituents do not have the same target organ
or mechanism of action. Thus, their toxic effects may be, at least in some cases, independent
and not additive. Further, constituents may antagonize one another thrbugh competition for
enzymes and binding :sites, and by inhibition of pathways- needed for constituent transport
(absorption, cellular uptake, etc.) or metabolic activation. However, it is also possible that

certain constituents can be synergistic such as is the case when promotor-type carcinogen greatly

- enhances the expression of genetic damage induced by a low dose of an initiator.

ilncertainties Associated with Constituents with Cancer Risks Above 1E-06 |

Cancer risks were elevated above 1E-06 for at least one exposure pathway in} each of the
three scenarios. The constituents for which cancer risks above 1E-06 were estimated include:

° Arsenic in surface soil (Scenario 2 (future recreation)), subsurface soil (Scenario
1 (future construction)), and shellfish (Scenario 3 (future shellfishing)),

Beryllium in surface soil (Scenario 2 (future recreation)), and subsurface soil
(Scenario.1 (future constructlon)),

A1,2—Dichloropropane, trichloroethene, and vinyl chloride in ground water
(Scenario 2 (future recegmtion)),
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Carcinogenic PAHs in surface soil (Scenario 2 (future recreation)) and subsurface
soil (Scenario 1 (future construction)), .

L TCDD in surface soil (Scenario 2 (future recreation)),

® - Aroclor-1260 in surface soil (Scenario 2 (future recreation)), and Aroclor-1254
in shellfish (Scenario 3 (future shellfishing)).

The uncertainties ussoelafed with these individual COCs are discussed below.
Cancer risks above 1E-06 were estimated for incidental ingestion of arsenic in surface
soil under Scenario 2 (future recreation), incidental.inges'tion of subsurface soil under Scenario 1
. (future construction), and ingestion of shellfish (clams, mussels, and oysters) from Allen Harbor
under Scenarlo 3 (future shellfishing). Arsenic was detected at a frequency of 34/41 and 20/20 .
in surface soil and subsurface soil, respectively. Arsenic concentrations exceeded NCBC
Davisville background levels in only 6/41 surface soil and 2/20 subsurface soil samples. Thus,
although arsenic in soil appears to widespread at Site 09, the concentrations are uot unlike
natural conditions, and the uncertainty associated with arsenic-related caucer risks may be large.
In addition, the cancer risks for arsenic in surface and subsurface soil only exceed 1E-06 under
the RME (maximum concentration-based) case. This approach assumes the receptor(s) only
comes in contact with the maximum detected concentratiou and likely overstates the potentlal
exposures and risks. Arsenic was detected in all samples of clams (28/28), mussels (20/20), and
eysters (3/3) collected or deployed in Allen Harbor. Similarly, Arsenic was detected in all
samples of clams, mussels, and oysters collected or deployed in Narragzlnsett Bay. Mean arsenic
concentrations in shellﬁsh collected - from Allen Harber are lower than mean. arsenic
- concentrations in shellfish collected or deployed in Narragansett Bay. Maximum arsenic

concentrations in clams and oysters (but not.in mussels) were also lower in- Allen Harbor
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samples versus Narragansett Bay. Thus, the uncertainty associated with elevated cancer risks
from ihgestion of shgllﬁsh from Allen Harbor is likely fo be large, as arsenic concentrations in
- shellfish are lower or similar to the reference sample locations in Narragansett Bay. Another
source éf imcertainty is the small dataset for shellfish samples collected near the Allen Harbor
Landfill which precludesan evaluation of whether and to what extent the cancer risks estimated
for Allen Harbor may be site-related. The oral slope factor for arsénic is not a major source
of uncertainty since it is based on long-term human exposures to arsenic in _drinking water.
Finally, use of alternate ingestion rates (EPA, 1990a) results in cancer risks for arsenic ‘in
mussels and oysters that are less than or equal to the target valﬁe. For arsenic in clams, the
cancer risks are decreased by roughly 3-fold, but still exceed 1E-06. This highlights the
uncertainty associated with the reported cancer risks based on the ingestion rate reported in
Narragansett Bay Project (n.d.), and suggests ranges of cancer risks that may provide betterl
repmsenmﬁons of the potential cancer risks for these pathways. | |
Beryllium was detected at a f;aquency of 32/41 and 16/20 in surface soil and subsurface
soil, respectively. Beryllium concentrations exceeded NCBC Davisville background levels in
24/41 surface soil and 14/20 subsurface soil samples. Although there appears to be little
uncertainty that beryllium levels in soil at. Site 09 are elevated and v?/ides;pread, the cancer risks
| for beryllium in surface and subsurface soil only exceed 1E-06 under the RME (maximum
concentration-based) case. This approach assumes the receptor(s) only »comes .in. contact with
the maximum detec;ted concentration and likely overstates the potential exposures and risks. The -
oral slope factof for beryllium is derived from a _drinking water study in rats and is associated

with the uncertainty typical of animal-based toxicity vaiues.

/
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Three VOCs (1,2-dichloropropane, trichloroethene, and vinyl chloride) in ground water
were associated with cancer risks above 1E-06 for the inhalation of volatiles while showering
. pathway under Scenario 2 (future recreation).' 1,2-Dichloropropane was detected at a frequency
of 3/27 nt concentrations' ranging from 0.002 to 0.94 mg/l (mean of 0.011 mg/l).
Trichloroethene wns detected at -a t'requency .of 7/27 at concentrations ranging from 0.001 to 1.2
mg/] (mean of 0.01 mg/lj. Vinyl chloride was detected at a .frequency of 7/27 at concentrations
- ranging from 0.003 to 7 mg/l (mean of 0.014 mg/l). A general source of uncertainty for all
three VOCs is the estimation of cancer risks above 1E-06 under the RME (maximum
concentration-based)- case only. This approach assumes the receptor(s) only comes in contact
vt'ith the maximum detected concentration and likely overstates the potential exposures and risks.
The maximum detected concentrations for these three | VOCs exceed the next highest
concentration as follows; 4-fold for 1,2-dichloropropane, 16-fold for trichloroethene, and 280-
fold for vinyl chloride. Witn regard to toxicity, the inhalation cancer risks for 1,2-
| dichlotopropane are associated with the greatest degree of uncertainty since the risk estimates

-are based on the oral slope factor for this constituent. The oral slope factor for 1,2-
dichloropropane, which is based on a gavage study in mice, was cross-assigned to inhalation in
the absence of an inhalation slope factor. The inhalation slope factor for vinyl chloride is based
- on an inhalation rat study, while the basis of the inhalation slope factor for trichloroethene isnot

known (i.e., notprovided in EPA, 1992d). Thus, the slope factors used for 1,2-dichloropropane
and vinyi chloride 'are also associated with uncertainties typical of aﬁimal-ldased toxicity values.
. A final source of uncertainty is the model used to estimate the concentratlons of those VOCs in

the air wh11e showermg As discussed in Section 4.3. 1 there is no HHRA related EPA
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guidance for such estimations and the calculated air concentrations may result in over- or
underestimations of the potential expo.sures and risks for this pathway.

Cancer risks above 1E-06 were estimated for incidental ingestion of carcinogenic PAHs
in surface soil under Scenario 2 (future recreation) and in Subsurfacc soil under Scenario 1
(future constructioh).» In surface soil, individual Acarcinog»enic PAHs (beﬂzo(a)anthracene,
benzo(a)pyrene, benzo(c/k)ﬂuoranthene, chryscne, dibenzo(a,h)anthracene, and indeno(1,2,3-
cd)pyrene) were detected at frequencies of 60% or gfeater at sample concentrations ranging from
0.042 to 110 mg/kg. The detected concentrations of total carcinogenic PAHs in surface soil
range from 0.042 to 415 mg/kg, with 19/41 of -these total concentrations above the range
rcported- for urban areas (0.6 to 3 mg/kg) and the upper range of typical urban background (1
to 3 mg/kg) (Meﬂzie et al., 1992). In subsurface soil, individual ‘carcinogenic PAHs were also
detected at frequencies of 60% or greater at sample concentrations of 0.047 to 41 mg/kg. The
detected concentrations of total carcinogenic PAHs in subsurface soil range from 0.56 to 187
mg/kg, with 13/20 of these total concentrations above the ranges cited above for urban areas.
Thus, the"concentrations of carcinogenic PAHs in surface soil and subsurface soil appear
elevated relative to urban background. However, the cancer risks‘ for carcinogenic PAHs in
surface and subsurface soil only exceed 1E-06 under the RME Z(maximum concentration-based)
case. This approach assumes the receptor(s) only comes in contact with the' maximum detectcd
concentration and likely overstates the potential exposures and risks. An additional ﬁncertainty
associated with the' cancer risks for carcinogenic PAHSs is the use of EPA’s slope factor fof
benzo(a)pyrene for the other carcinogenic' PAHs.‘ As discﬁssed in Secticn 472, this apprdach _

- Iikely overestimates the potential risks from exposure to carcinogenic PAHs. As illustrated in
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Table 3-15, although the use of the toxic equivalency approach rather than the use of the
benzo(a)pyrene slope factor for all carcinogenic PAHs reduces the cancer risks for ingestion of
surface and subsurface soil by a factor of two, thebcancer risks for most of the carcinogenic

PAHs s_ti]llexceed 1E-06. Note that the impact of using the TEFs is only evident for pathways
| in which carcinogeﬁic; PAHs -ccr)rvltn;bute significantly to the pathway risks. The benzo(a)pyrene
slope factor is based on a dietary study in mice, and is associated with uncertainties typical of
such animal-based éssessments.

‘For 2,3,7,8-TCDD equivalents, cancer risks above 1E-06 were estimated for incidental
ingestion of surface soil under Scenario 2 (futl_lre recreation). Note that dioxins/furans were not
analyzed for presence in the other media at Site 09.  Dioxins/furans were detected at a frequency
of 5/6 samples at concentrations (expressed in 2,3,7,8-TCDD equivalents) ranging from 2.1E-04
to 2.3E-04 mg/kg (mean of 2.1E-04 mg/kg). Due to thevsmall nurhber of samples, it is difﬁculf
to ascertain the extent of contamination of dioxins/furans in surface soil at Site 09. The slope
factor for 2,3,7,8-TCDD is based on a dietary study in rats and is associated with uncertainties
typical of such animal-based assessments. The EPA weight of evidence classiﬁcﬁtion of 2,3,7,8-
TCDD is "B2", probable human carcinogen (sufﬁcient animal evidence and inadequate or no
human evidence). |

Aroclor-1260 in suﬁace soil is.:issociated with cancer risks above 1E-06 for incidental
ingestion and dermal contact under Scenario 2 (future recreation). A key uncertainty is the
estimation of cancer ﬁské above 1E-06 only under the RME (maximum cohcentration—based)
case. This approach assumes the receptor(é) only comes in contact Witp maximum detected

. concentration and likely overstates the potential exposures and risks. The oral slope factor for
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PCBs is based on a dietary study in rats using Aroclor-1260. The uncertainty associated with
this slope factor is typical of animal—base;d toxicity values.. An additional source of uncertainty
is the cross-assignment of the oral slope factor to dermal. As discussed in Secfion 4.2,
constituenfs may_be more or less toxic through dermal contact than following ingestion. Thére
may also be some uncertamty ésﬁoéiated, with the dermal RAF based on EPA (1992c) and used
in the assessment of dermal exposures and risks.

Aroclor-1254ﬁin shelifish from Allen Harbor is associated with cancer risks above 1E-06
usingl the maximum detected concentration (clams) or both the mean and the maximum
concentrations (mussels and oysters). The maximum detected concentrations of this PCB were
detected in a harbor sample, away from the Allen Harbor landfill site. In addition, the number
of shellfish samples collected near the landfill is small. Th{IS, the uncertainty associated with
the site—rela;ed nature of the estimated exposures and risks may be large. Concentrations of
Aroclor-1254 were higher in shellfish samples collected or deployed in Allen Harbor versus
those obtained from Narragan‘sett Bay. While this indicates a potential local source of
contamination, it is unclear if the Allen Harbor landﬁll serves as the source (or a source) of this
contamination. Note that Aroclor—12_54 was not selepted as a COC for on-site media (i.e., soil)
at Site 09. As indicated above for Aroclor-1260, the oral slope factor for PCBs is associated
with uncertainties typical of animal-based assessments. Finally, use of alternate ingestion rates
(EPA, 1990a) results m cancer risks for Aroclor-1254 that are less than the targét value for
clams, mussels, and oystei's. This highlights the uncertainty associated with the reported cancer

risks based on the ingestion rate réported in Narragansett Bay Project (n.d._), and suggests a
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range of cancer risks that may provide a better representation of the potential cancer risks for

this pathway.

Uncertainties Associated with Constituents with HQs Above 1E+00

HIs were ele?af&l -a.bO\-/é iE;i-OO for one or more exposure pathways in Scenario 1 (future
construction) and Scenario 2 (future recreation). Constituents associated with HQs above 1E+00
include: |

L 1,2-Dichloroethene in ground water (Scenario 2 (future mmtion)), and

® Toluene in SUbSUI’féCC soil (Scenario 1 (future construction)).
A discussion of thé uncertainties associated with these constituents follows.

An HQ above 1E+00 was estimated for inhalation of 1,2-dichloroethene while showering
under Scenario 2 (future recreation). 1,2-Dichloroethene (total) was detected in ground water

at a frequency of 15/27. In general, the detected concentrations were low with the excéption

. of a concentration of 28 mg/l in well 09-MW7D. This is evidenced by an HQ above 1E+00

associated only with the use of the maximum detected concentration. The next highest

concentration was 0.51 mg/l which is 55-fold less than the maximum. Use of the maximum
detected concentration assumes the receptor(s) only comes in contact with this maximum
concentration and likely overstates the potential exposures and risks. Another uncertainty is the
model used to estimate the concentration of 1,2-dichloroethene in ambient air. As discussed in
Section 4.3.1, there fs no HHRA-related guidance for such estimations and the estimated air
concentrations may over- or underestimate the potential exposures and nsks for this pathway.

With regard to toxicity, some uncertainty is associated with the use of the oral RfD to assess the
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potential risks from inhalation exposures. In the absence of an inhalation RfD, the oral RfD,
based on a two-year drinking water study in mfs, was cross-assigned to inhalation. This om_l
RID incorporates an uncértainty factor of 1,000 and is associated with uncertainties typical of
such animal-base;d assessments.

For toluene',' an "HQ‘ above iE+OO ‘was estimated for inhaléition of volatiles from
 subsurface soil under Scenario 1 (future construction). A key uncertainty is the estimation of
an HQ above 1E+00 only for the RME (maximum concentration-based) case. This approach
assumes the receptor(s) only comes in contact with the maximum detected concentration and
likely overstates the potential exposures and risks. The next highest concentration (0.004 mg/kg)
is six orders of magnitude less than the maximum. Another uncertainty is the model used to
estimate the concentration of toluene in ambient air. As discussed in Section 4.3.1, there is no
HHRA-related guidance for such estimations and the estimated air coricentrations may over- or
underestimate the potential exposures and risks for this pathway. With regard to toxicity, the
HQs for toluene are based on the chronic inhalation RfD for this constituent. In the absence of
a subchronic inhalation RfD, the chronic value was éross-assigned to subchronic. This épproach
likely overestimates the potential risks frdm subchronic exposures to toluene during construction
activities. The chronic inha.lati‘on RfD is based on human exposure data and incorporates an |

uncertainty factor of 300.
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SUMMARY OF BACKGROUND;DATA FOR INORGANICS IN SURFACE SOIL

NCBC DAVISVILLE

Range of Concentrations

Range of Concentrations

at NCBC at Eastem U.S.
Background Locations (a) Background Locations (b)
(mg/kg) (mg/kg)
INORGANICS

Aluminum 1,170-8,560 7-100,000
Antimony ND ND-8.8
Arsenic 0.59-8.1 ND-73
Barium 5.6—-15.5 10-1,500
Beryllium ND-0.66 ND-7
Cadmium ND-0.46 NA
Calcium 62.7-628 *100--280,000
Chromium 35-8.6 1-1,000
Cobalt ND—-4.6 ND-70
Copper 39-15 ND--700
Cyanide " ND NA
Iron 3,810—-12,000 100-100,000
Lead 3.4-53.8 ND-300
Magnesium 325-1,220 50-50,000
Manganese 21.8—-150 ND-7,000
Mercury ND-0.03 ND-3.4
Nickel -ND-5 -ND-700
Potassium 145-728 50-37,000
Selenium ND-0.77 ND-3.9
Silver ND-0.08 . NA
Sodium ND-119 - ND-50,000
Thallium .. ND NA
Vanadium 3.3-24.6 ND-300
Zinc - 10.3-172 ND-2,900

NA = Not avallable
ND = Not detected

(a) Collected from unimpacted areas at or near Sites 02, 03, 05, 06, and 07 (data provided in

Appendix C, Table C—-1)
(b) U.S.G.S (1984)




TABLE 2-2

SUMMARY OF TOXICITY VALUES ASSOCIATED WITH CARGINOGENIC EFFECTS: ORAL
NCBC DAYISVILLE — SITE

WEGHT=OF

"SLOPE FACTOR
(SF) ORAL -EVIDENCE TYPE OF SF BASIS/
CONSTITUENT fmokg-day) CLASS CANCER SOURCE
VOLATILES o
Acetone NA D NA/RIS HEAST
Berzene 2.9E-02 ‘A Letkemia Occupational/IRIS
Butarone, 2— NA D NA/IRISHEAST
Carbon disuifide NA NA/IRIS HEAST
Chlordberzene NA D NAMRIS HEAST
Chloroform 68.1E-03 © B2 Kidrney WaterRIS
Dichlorogthane, 1,2~ 8.1E-02 B2 Muitiple Gavage/IRIS
Dichioroethere, 1,2— (Total) NA/IRIS HEAST
Dichiorgpropane, 1,2— 6.8E-02 B2 Liver Gavage/HEAST
ene NA D NASIRIS HEAST
Tetyachioroethane, 1,1,2,2— 2.0E-01 C Liver Gavage/IRIS
Tetrachioroethene 5.2E-02 B2/C US EPA
Toluene NA D NA/RIS HEAST
Trichloroethane, 1,1,1 — NA D NA/IRIS HEAST
Trichloroethene 1.1E-02 B2/C US EPA
Vinyl chioride 1.8E+00 A Lung, Iver DietHEAST
Xylene (total) NA D NAARIS HEAST
SEMIVOLATILES
Acenaphthens NA D NA/RIS HEAST
Acenapthtylene NA NA/RIS HEAST
Arttracene NA D NA/RIS HEAST
Berzoic acid NA D NA/IRIS HEAST
Berzotriazole NA NAAIRIS, HEAST
Berzotriazole, chiorinated NA NAJRIS HEAST
Benzo (a) anthracene (a) 7.3E+00 B2 Forestomach Diet/iRIS
Berzo(a)pyrene 7.3E+00 B2 Forestomach Diet/IRIS
Berzo (b)fluoranthene (a) 7.3E4+00 B2 Forestornach Diet/IRIS
Berzo(e)pyrene NA NANRIS HEAST
Benza(gh.)perylene NA D NA/RISHEAST
Berza {)fluoranthene (a) 7.3E+00 B2 Forestormach Diet/[RIS
Bis(2-chioroethyl)ether 1.1E4+00 B2 Liver Gavage/IRIS
Bis(2—chiorolsopropyfether 7.0E-02 C Liver, lung Gavage/HEAST
Bis(2—ethyhexy)) phthalate 1.4E-02 B2 Liver Diet/IRIS
Butyberzyiphthalate NA C Lewkamia Diet/IRIS
Carbazaole NA NA/RIS HEAST
Chrysene (a) 7.3E+00 B2 Forestomach Diet/IRIS
Coronene NA NA/RIS HEAST
Diberzofuran NA D NA/RIS HEAST
Diberz(a h) anttyscane (a) 7.3E+00 B2 Forestormach DietfiRIS
Dichioraberzene, 1,2 NA D NA/IRIS HEAST
Dichiorcberzene, 1,4- 24E-02 B2 Liver Gavage/HEAST
Dietyl prthalate NA D NANRIS HEAST
Dirrethylphenal, 2,4- NA NA/RIS HEAST
Di—n—butyl phthalate NA D NAARIS,HEAST
Fiuoranthene NA D NAARIS HEAST
Fluorene NA D NA/RIS HEAST
Irdeno(1,2,3—cd)pyrene (a) 7.3E400 B2 Forestomach DieIRIS
Methyinaghthalere, 2— NA NAARIS HEAST
Methylpherol, 2—- NA [o] NA/RIS HEAST
Methylphenol, 4— NA o] .NA/RIS HEAST
Naphthalene NA D NA/RIS HEAST
Nitropherg!, 4— - NA . NAYIRIS HEAST
Perylene NA . NA/IRIS HEAST
Phenanthrene NA D NA/RIS,HEAST
Pherol NA D NA/RIS HEAST
Pyrere NA D NA/RIS HEAST
TCDD, 2,3,7.8— 1.5E+05 .B2 Respratory Systerm; Liver DieHEAST




TABCEZ-Z (cont)

SUMMARY OF TOXICITY VALUES ASSOCIATED WITH CARCINOGENIC EFFECTS: ORAL

NCBC DAVISVILLE — SITE 09

SLOPE FACTOR WEIGHT-OF
(SF) ORAL EVIDENCE TYPE OF SF BASIS/
CONSTITUENT (mg/kg—day)~! CLASS CANCER SOURCE
i H
PESTICIDES / PCBs . i
Aldrin ' 1.7E+01 82 Liver DietIRIS
BHC, alpha—- 6.3E+00 B2 Liver DietIRIS
BHC, beta— 1.8E+00 [o] Liver Diet/IRIS
BHC, gamma- 1.3E+00 B2/C Liver Diet/HEAST
Chlordane, alpha— (b) 1.3E+00 82 Liver Diet/IRIS
Chlordane, gamma-— (b} 1.3E+00 B2 Liver Diet/RIS
DDD, 4,4~ 2.4E-01 B2 Lver Diet/IRIS
DDE,4,4- 3.4E-01 B2 Liver Diet/IRIS
DDT,4,4— 3.4E-01 B2 Liver Diet/IRIS
Dieldrin 1.6E+01 B2 Liver Diet/IRIS
Endosulfan NA NANRIS HEAST
Endosulfan sulfate NA NA/RIS,HEAST
Endrin NA D NAZRIS,HEAST
Endrin aldehyde NA NAARIS, HEAST
Endrin ketone NA NA/IRIS HEAST
Heptachlor 4.5E+00 B2 Liver Diet/iRIS
Heptachlor epoxide 8.1E+00 82 Liver Diet/RIS
Hexachiorobenzene 1.8E+00 82 Liver DiethRIS
Methoxychlor, p,p' = NA D NA/IRIS, HEAST
Aroclor—1242 (¢} 7.7E400 B2 Liver DletIRIS
Aroclor—-1254 (c} 7.7E+00 B2 Liver Diet/IRIS
Aroclor—1260 (¢} 7.7E+00 B2 Liver Diet/IRIS
INORGANICS .
Aluminum NA NANRIS,HEAST
Antimony NA 0 NA/IRIS,HEAST
Arsenic (d) 1.8E+00 A Skin Water/IRIS
Barium © NA NA/IRIS,HEAST
Beryllium 4.3E+00 B2 Multiple Sites Water/IRIS
Cadmium NA NA/IRIS HEAST
Chromium Il NA NA/IRIS HEAST
Chromium V1 NA A NA/IRIS,HEAST
Cobalt NA NA/IRIS,HEAST
Copper NA [»] NA/IRIS,HEAST
Cyanide NA D NANRIS,HEAST
Lead NA B2 Kidney OralARIS
Manganese NA D NAARIS,HEAST
Mercury NA . D NANRIS, HEAST
Nickel . NA NAARIS HEAST
Selenium NA D NA/IRIS, HEAST
Silver NA D NAARIS,HEAST
Thallium NA o] NANRIS,HEAST
Vanadium NA NA/IRIS, HEAST
Zinc NA NA/IRIS HEAST

IRIS = U.S. EPA, 1993 {or most recent file), Integrated Risk Information System (IRIS) Database

HEAST = U.S. EPA (ECAOQ}, 1993, Health Effects Assessment Summary Tables (HEAST): Annual Update
US EPA = US EPA (ORD/ECAQ), 1892d, Fax from J.S. Dollarhide to K. Michelson, TRC, re. PERC and TCE

slope factors, May 20
NA = Toxicity value not available

(a) Cancer slope factor for benzo(a)pyrene
(b) Cancer slope factor for “chlordane® (CAS No. 57 -74-9)
{c) Cancer slope factor for polychlorinated biphenyls (PCBs)
(d) Estimated from unit risk of 5 x 107> (ug/f)~?




TABLE 2-3

SUMMARY OF TOXICITY VALUES ASSOCIATED WITH CARCINOGENIC EFFECTS: INHALATION
NCBC DAVISVILLE — SITE 09 '

¢

SLOPE FACTOR | WEIGHT-OF
(SF) INHALATION EVIDENCE TYPE OF SF BASIS/
CONSTITUENT {mo/kg—day)~! "CLASS CANCER SOURCE
VOLATILES .
Acetone ] NA D NA/IRIS,HEAST
Benzene 29E-02 A Leukemia Occupational/IRIS
Butanone, 2~ NA D NA/IRIS HEAST
Carbon disulfide NA NA/RIS,HEAST
Chlorobenzene NA NA/IRIS,HEAST
Chloroform 8.1E-02 B2 Liver Gavage/IRIS
Dichloroethane, 1,2—- 9.1E-02 B2 Circulatory system Gavage/IRIS, HEAST
Dichloroethene, 1,2~ (Total) NA ’ NA/IRIS,HEAST
Dichloropropane, 1,2~ (a} 6.8E~-02 B2 Liver Gavage/HEAST
Ethylbenzene NA D NA/IRIS HEAST
Tetrachioroethane, 1,1,2,2- 2.0E-01 C Liver Gavage/IRIS,HEAST
Tetrachloroethene 2.0E-03 B2/C N USEPA *
Toluene NA D NA/NRIS,HEAST
Trichloroethane, 1,1,1- NA D NA/IRIS,HEAST
Trichloroethene 8.0E-03 B2/C US EPA
Vinyl chloride 3.0E-01 A Liver HEAST
Xylene (total) NA D NA/IRIS HEAST
< SEMIVOLATILES
Acenaphthene NA D NA/IRIS,HEAST
Acenaphthylene NA NA/IRIS,HEAST
Anthracene NA D NA/IRIS,HEAST
Benzoic acid NA D NA/IRIS, HEAST
Benzotriazole NA NA/IRIS HEAST
Benzotriazole, chlorinated NA NA/RIS HEAST
Benzo(a)anthracene NA B2 - NA/RIS,HEAST
Benzo(a)}pyrene NA B2 NA/RIS,HEAST
Benzo(b)fluoranthene NA B2 NA/NRIS HEAST
Benzo(e)pyrene NA NANRIS,HEAST
Benzo(g,h,}perylene NA D NA/NRIS HEAST
Benzo(Kfluoranthene NA B2 NA/NRIS HEAST
Bis(2—chloroethyf)ether 1.1E+00 B2 Liver Gavage/IRIS,HEAST
Bis(2—chioroisopropyl)ether 3.5E-02 [} Lung, Liver Gavage/HEAST
Bis(2—ethylhexyfl)phthalate (a} 1.4E-02 B2 Liver Diet/IRIS
Butylbenzylphthalate - NA C - NA/IRIS,HEAST
Carbazole , NA NA/IRIS HEAST
Chrysene NA B2 NA/IRIS,HEAST
Coronene NA NA/IRIS, HEAST
Dibenzofuran NA o] NAARIS,HEAST
Dibenz(a,h)anthracene NA B2 NA/RIS,HEAST
Dichlorobenzene, 1,2~ NA D NAARIS HEAST
Dichlorobenzene, 1,4~ NA NA/RIS,HEAST
Diethyl phthalate NA D NA/RIS,HEAST
Dimethylphenol, 2,4 - NA NA/IRIS, HEAST
Di-n-butyl phthalate NA D NA/ARIS,HEAST
Fluoranthene NA 0 . NA/IRIS,HEAST
Fluorene NA D NA/RIS,HEAST
Indeno(1,23—cd)pyrene NA B2 NA/IRIS,HEAST
Methylnaphthalene, 2~ NA NA/IRIS,HEAST
Methylphenol, 2~ NA [o] NA/IRIS,HEAST
Methylphenol, 4— NA o] NA/IRIS HEAST
Naphthalene NA D NANRIS,HEAST
Nitrophenol, 4— NA NA/IRIS,HEAST
Perylene NA NAANRIS,HEAST
Phenanthrene NA D NAARIS,HEAST
Phenol NA D NAARIS,HEAST
Pyrene NA D ~ NA/IRIS,HEAST
TCDD, 23,78~ 1.5E+05 82 Resplratory System; Liver Biet/HEAST
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TABLE'2-3 (cont) -

SUMMARY OF TOXICITY VALUES ASSOCIATED WITH CARCINOGENIC EFFECTS: INHALATION

NCBC DAVISVILLE - SITE 09

SLOPE FACTOR WEIGHT-OF
(SF) INHALATION EVIDENCE TYPE OF SF BASIS/
CONSTITUENT (ma/kg—day) ~! CLASS CANCER SOURCE
¥ N
PESTICIDES / PCBs !
Aldrin 1.7E+01 B2 Liver Diet/IRIS,HEAST
BHC, alpha— 6.3E+00 82 Liver DietIRIS,HEAST
BHC, beta— 1.8E+00 C Liver . Diet)RIS,HEAST
BHC, gamma- (a) 1.3E+00 B2/C Liver Diet/HEAST
Chlordane, alpha— (b) 1.3E+00 B2 Liver Diet/IRIS,HEAST
Chlordane, gamma— (b) 1.3E+400 82 Liver Diet/IRIS, HEAST
DDD, 4,4~ (a) 2.4E-01 B2 Liver DietRIS
DDE, 4,4~ (a) 3.4E-01 B2 Liver DietIRIS
DDT,4,4- 3.4E-01 B2 Liver Diet\RIS,HEAST
Dieldrin 1.6E+01 B2 Uver Diet/IRIS,HEAST
Endosulfan il NA NA/IRIS,HEAST
Endosulfan sulfate NA : NA/RIS,HEAST
Endrin NA D NAARIS HEAST
Endrin aldehyde NA NA/IRIS,HEAST
Endrin ketone NA NA/IRIS,HEAST
Heptachlor 45E+400 B2 Liver DietARIS,HEAST
Heptachlor epoxide 8.1E+00 82 Liver DietiRIS HEAST
Hexachlorobenzene 1.6E+00 B2 Liver Diet/INIS, HEAST
Methoxychlor, p,p' -~ NA D NAARIS, HEAST
Aroclor—1242 (c) 7.7E+00 B2 Liver DietI\RIS
Aroclor—1254 (c) 7.7E+00 B2 Liver Diet/IRIS
Aroclor—1260 (c) 7.7E+00 B2 Liver Diet/IRIS
INORGANICS

Aluminum NA NA/IRIS,HEAST
Antimony NA NA/ARIS HEAST
Arsenic 5.0E+01 A Respiratory Tract Occupat RIS, HEAST
Barlum NA . NA/RIS,HEAST
Beryllium 8.4E+00 ‘82 Lung - IRIS,HEAST .
Cadmium 8.3E+00 81 Respiratory Tract Occupational/\RIS
Chromium lit NA NA/IRIS,HEAST
Chromium V1 4.1E+01 Lung IRIS,HEAST
Cobalt NA NA/IRIS,HEAST
Copper NA o] NA/IRIS,HEAST
Cyanide NA 0 NA/IRIS HEAST
Lead NA B2 Kidney NAARIS,HEAST
Manganese NA D NA/IRIS,HEAST
Mercury . NA D NANRIS,HEAST
Nickel (d) 8.4E-01 A Lung and Nasa! IRIS,HEAST
Selenium NA D NAARIS HEAST
Silver NA D NA/IRIS,HEAST
Thalllum ) NA D NA/IRIS, HEAST
Vanadium NA D NA/IRIS, HEAST
Zinc NA D NA/IRIS HEAST

IRIS = U.S. EPA, 1883 (or most recent file), Integrated Risk Information System (IRI1S) Database

HEAST = U.S. EPA (ECAO), 1993, Health Effects Assessment Sum mary Tables (HEAST): Annual Update

US EPA = US EPA (ORD/ECAQ}, 1882d, Fax from J.S. Dollarhide to K. Michelson,

May 20
NA = Toxicity value not available

(a) Oraltoxicity value (based on non—contact site tumors) assigned to Inhalation.
(b) Cancer slope factor for *chlordane" (CAS No. 57 -74-9)
(c) Cancer slope factor for polychlorinated biphenyls (PCBs)
(d} Cancer slope factor for nicke! refinery dust

—~

, TRC, re. PERC and TCE slope factors,




TABLE 2-4

SUMMARY OF TOXICITY VALUES ASSOCIATED WITH NONCARCINOGENIC CHRONIC EFFECTS: ORAL

NCBC DAVISVILLE - SITE 09

CARORIC RFO

ORAL
(ORAL) CONFIDENCE CRITICAL AFD BASIS/ |UNCERTAINTY | MODIFYING
CONSTTUENT froko—day) LEVEL EFFECT SOURCE FACTCR FACTOR
VOLATILE ORGANICS
Acetone 1.0E-01 Low Increased liver and kichey weight Gavage/IRIS 1000 1
Berzene NA NA/RIS HEAST
Butarone, 2— 6.0E-01 Low Decreased fetal birth weight OralARIS 3000 1
Carbon disuifide 1.0E-01 Medium Fetal txicityAmafomations - Oral/iRIS 100 1
Chiorcbenzene 2.0E-02 Medium Liver taxicity OralARIS 1000 1
Chloroform - 1.0E-02 Medium Liver lesiors CapsuefRIS 1000 1
Dichioroethare, 1,2— NA NA/RIS HEAST .
Dichiorcethene, 1,2— (Total) 8.0E-03 Liver leslons Wates HEAST 1000 NA
Dichlorcpropane, 1,2— NA NAARIS HEAST
ene 1.0E-01 Low - Liver and kidney toxicity OralfRIS 1000 1
Tetrachioroethane, 1,1,2,2— NA NAARIS HEAST
Tetr achioroethene 1.0E-02 Medium Hepatotaxcity GavagefiRIS 1000 1
Toluere 2.0E-01 Medium Charges in liver and kidney weights GavagefiRIS 1000 1
Trichloroethare, 1,1,1— NA NAARIS HEAST
Trichloroethere NA NA/RIS HEAST
Vinyl chioride NA ) NA/RIS,HEAST
Xylene {iotal) 2.0E+00 Mediumn Hyper activity, decr eased body weight,increased mortality Gavage/IRIS 100 1
SEMIVOLATILES
Acenaphthene : 6.0E-02 Low Hepatotaxicity Gavage/IRIS 3000 1
Acenapthtylene NA NA/IRIS HEAST
Arthr acene 3.0E-01 Low None observed Gavage/RIS 3000 1
Benzoic acid 4.0E+00 Medium None observed Diet/IRIS 1 1
Berzotriazole NA NA/RIS HEAST
Berzotriazole, chiorinated NA NA/IRIS,HEAST
Berwo (a)arthracene NA NAMRIS,HEAST
Berwo(a)pyrene NA NA/AIRIS HEAST
Berzo b)fiuorathene NA NAARIS HEAST
Berzo(e)pyrere NA NA/RIS,HEAST
Berwo (gh.)perylere NA NAMIRIS HEAST
Berezo )fiuoraithere NA NAARIS HEAST
Bis(2—chloroetiwyl)ether NA NA/IRIS,HEAST
Bis(2—chloroisopropyl)ether NA NAARIS HEAST.
Bis(2— ethythexyl) phthalate 2.0E-02 Medium Increased relative liver weight Oiet/IRIS 1000 1
Butyberzyiphthalate 2.0E-01 Low Effects on body weight gain, testes liver kidney Diet/IRIS 1000 1
Carbazole NA NA/IRIS HEAST
Chrysene NA NAARIS HEAST
Coronene NA NAARIS HEAST
Diberzofuran NA NAARIS HEAST
Diberz(ah) arthracene NA NA/IRIS,HEAST
Dichloraberzens, 1,2—- 98.0E-02 Low No adversa effects Gavage/IRIS 1000 1
Dichloraberzene, 1,4— NA NANRIS HEAST
Diethyl prthalate 8.0E-01 Low Decreased growth rate and food consumption Diet/IRIS 1000 1
Dirrethylphenal, 2,4 2.0E-02 Low Clinical sigrs; hanatological changes GavagefiRIS 3000 1
{0i—n—butyl prthalate 1.0E-01 Low Increased martality Diet/IRIS 1000 1
4.0E-02 Low Kidney, liver, bload, ard dirical effects Gavage/IRIS 3000 1
Fluorene 4.0E-02 Low Hematological effects . Gavage/fIRIS 3000 1
Indeno(1,2,3—cd)pyrene NA NAARIS HEAST
Methyinaphthalere, 2— NA : NAfRIS HEAST
Methylphenol, 2- 5.0E-02 Medium Decreased body weight, neurotnxicity GavagefRIS 1000 1
Methylphenol, 4— 5.0E-03 Matemal death Gavage/HEAST 1000 NA
Naphthalene 4.0E~-02 Decreased body weight gain Gavage/HEASTS2 10000 NA
Nitrophero!, 4— NA . NAARIS,HEAST
Perylene NA ’ NAARIS HEAST
Phenanthrene NA NAARIS HEAST
Pherol 6.0E-01 Low Reduced fetal body weight GavagefIRIS 100 1
Pyrene 3.0E-02 Low Kidney effects Gavage/IRIS 3000 1
TCDD, 2,3.7.8— NA NA/RIS HEAST




TABLE 2-4 (cort)

SUMMARY OF TOXICITY YALUES ASSOCIATED WITH NONCARCINOGENIC CHRONIC EFFECTS: ORAL

NCBC DAVISVILLE — SITE 09

CHRONIC RFD ORAC
(ORAL) CONFIDENCE CRITICAL RFD BASIS/  |UNCERTAINTY | MODIFYING
CONSTITUENT frokg—day) LEVEL EFFECT SOLRCE FACTOR -FACTOR
3
PESTICIDES /PCBs . i :
Aldrin 3.0E-05 Medium Liver toxicity Diet/IRIS 1000 1
BHC, alpha— (8) 3.0E-04 Medium Liver and kidney toxicity Diet/IRIS 1000 1
BHC, beta- (a) 3.0E-04 Medium Liver and kidney toxicity Diet/IRIS 1000 1
BHC, ganma— 3.0E-04 Medium Liver and kidney toxicity Diet’IRIS 1000 1
Chiordane, alpha- (o) 6.0E~05 Low Liver hypertrophy Diet/IRIS 1000 1
Chlordane, garmma— ) 8.0E-05 Low Liver hypertrophy Diet/IRIS 1000 1
ODD, 4,4- (c) 5.0E-04 Diet/IRIS
DDE, 4,4- (c) 5.0E-04 Diet/IRIS
DOT, 4,4— 5.0E-04 Medium Liver leslors Diet/IRIS 100 1
Dieldrin 5.0E-05 Medium Liver leslors Diet/IRIS 100 1
Endosuifan || {d) 8.0E-03 Decreased weight gain; kidney toxicity; anerysms DietHEAST 100 NA
Endosuifan sulfate NA . ) NA/IRIS HEAST
Endrin 3.0E-04 Medium Liver lesions; CNS corvusiors Diet/IRIS 100 1
Endrin aldehyde NA . NA/IRIS,HEAST
Endrin ketone NA NA/RIS HEAST
Heptachlor 5.0E-04 Low Increased liver weight Diet/IRIS 300 1
Heptachlor epaxide 1.3E-05 Low lncfmed relative liver weight Diet/IRIS 1000 1
Hexachiorchberzene 8.0E-04 Medium Uver toxicity Die/IRIS 100 1
Methoxychlor, pp'— 5.0E-03 Low Litter loss Gavage/fIRIS 1000 1
Aroclor—1242 NA NAARIS HEAST
Aroclor—1254 NA NA/ARIS,HEAST
Aroclor—1260 NA NAARIS HEAST
INORGANICS
Almirum NA NA/IRISHEAST
Antimany 4.0E-04 Low Decreased longevity, blood glucose ard cholesterol Water/IAIS 1000 1
Arsenic 3.0E-04 Medium Hyperpigmentation, keratosis, possble vascular effects Water/IRIS 3 1
Barium 7.0E-02 Medium Increased blood presaure Water/IRIS 3 1
Beryllium 5.0E~03 Low None observed Water/IRIS 100 1
Cadrmiumn (e) 1.0E-03 High Proteinrla Diet/IRIS 10 1
Cheamium Il 1.0E+00 Low . None observed Diet/IRIS 100 10
Chramium VI 5.0E-03 Low Nore observed Water/IRIS 600 1
Cobalt NA NAARIS HEAST
Copper () 3.7E-02 ’ Local gastrointestingl irritation Oral/HEAST NA NA
Cysnide 2.0E-02 Medium Weight loss, thyrold effects Diet/IRIS 100 5
Lead NA NA/IRIS HEAST
Marganese (g) 14E-01 Certral nervous systermn effects Diet/IRIS 1 1
Mercury 3.0E-04 Kidney effects Ora/HEAST 1000 NA
Nickel () 2.0E-02 Medium Reduced body and organ weight Diet/IRIS 300 1
Selenium 5.0E-03 High Clinical selancsis, CNS abnomalities Diet/IRIS 3 1
Siver 5.0E~03 Low Dermal effects L.V.ARIS 3 1
Thallium () “8.0E-05 Low Increased SGOT and LDH levels Gavage/IRIS 3000 1
Varadium 7.0E-03 None observed Water HEAST 100 NA
Zinc 3.0E-01 Medium Anemia Diet/IRIS 1

IRIS = U.S. EPA, 1993 (or most recent file), Integrated Risk Information System {IRIS) Database

HEAST = U.S. EPA (ECAQ), 1993, Health Effects Assessrnert Summary Tables

(HEAST): Amrual Update

HEASTS92 = U.S. EPA ECAD), 1992, Health Effects Assessmert Sumrrary Tables (HEAST): Amnual Update. Used per verbal guldance from EPA Reglon 1.

NA = Taxicity value nct available
(a) Valus for garyma-BHC

{t) Valus for "chiordane* (CAS No. 67—74-9)

(c) Value for 4,4'-DOT

(d) Value for *endlosuifart (CAS No. 116-29-7)
(e) Value for food ingestion; RfD for water ingestion Is 6E—-4 mg,kg—day
() Value derived fram currert drirking water stardard of 1.3 mgA
(@ Value for food ingestian; R for water Ingestion is 5E— 3 mgfkg—day

() Value for nicke! (soluble salts)

() Thallum carbonate; selectian based on pH of soils at NCBC Davisville




TABLE 2-5

SUMMARY OF TOXICITY VALUES ASSOCIATED WITH NONCARCINOGENIC SUBCHRONIC EFFECTS: ORAL

mBC_pAVISWLLE - SITE 03

Kl .

SUBCHRONIC OHAL
RFD (ORAL) CONFIDENCE . CRITICAL RFD BASIS/ UNCERTAINTY
CONSTITUENT ok -—day) LEVEL (a) ' ) EFFECT SOURCE FACTOR )
VOLATILE CRGANICS

Acetone 1.0E4+00 Increased liver and kidhey welghts,nephrotoxicity Gavage/HEAST 100
Berzene NA NA/HEAST
Butarone, 2- 2.0E-01 * Decreased birth weight Water HEAST 1000
Carbon disuifide 1.0E-01 Medium Fetal txicty/maFommations Oral/HEAST 100
Chiorcbazene (c) 2.0E-02 Medium X Liver toxicity Oral/RIS . 1000
Chiloroform 1.0E-02 Liver lesiors Gapsue/HEAST 1000
Dichioroethane, 1,2- NA NA/HEAST
Dichioroethene, 1,2— (Tota)) 8.0E-03 Liver lesiors Water HEAST 1000
Dichiorgpropane, 1,2— NA NA/HEAST
Ethyberzene (c) 1.0E-01 Low " Liver and lkddney toxicity OralfRIS 1000
Tetrachioroethane, 1,1,2,2— NA NA/HEAST
[Tetrschioroethene 1.0E-01_ Hepatotaxicity Oral/HEAST 100
[Toluere 2.0E+00 Charges In Iiver and kidney weight Gavage/HEAST 100
Trichloroetharne, 1,11 — NA NA/HEAST
Trichioroethene NA NA/HEAST
Vinyl chioride NA NA/HEAST
Xylere (tota)) {(c) 2.0E+00 Medium Hyper activity, decreased body weight; Increased mortality Gavage/IRIS 100

SEMIVOLATILES
Acenaphthene 6.0E-01 Hepatotaxdcity Gavage/HEAST 300
Acenapthtylene NA NA/HEAST
Arthescene 3.0E+00 None observed Gavage/HEAST 300
Berzoic scid 4.0E+00 Nore observed Diet/HEAST 1
Berzotriazole NA NA/HEAST
Berzotriazole, chlorinated NA NA/HEAST
Berzo (g) artrracene NA NA/HEAST
Berzo(a)pyrene NA NA/HEAST
Berzo {)fiuoranthene - NA NA/HEAST
Berzo(e)pyrene NA NA/HEAST
Berzo(gh.)perylene NA NA/HEAST
Berzo K)fluoranthene NA NA/HEAST
Bis(2—chiorcethyl)ether NA . NA/HEAST
Bis(2—chioroisopropyl)ether 4.0E-02 Decreased hernoglobi n ) DiettHEAST 1000
Bis(2—ethyhexy) phthalate (c) 2.0E-02 Medium Increased relative liver weight Diet/IRIS 1000
Butyberzyiphthalate 2.0E+00 Atered liver weight DietHEAST 100
Carbazole NA - NAMHEAST
Chrysane NA NA/HEAST
Coronene NA NAHEAST
Diberzofuran NA NA/HEAST
Diberz(a h)arthracene NA NA/HEAST
Dichlorcberzerne, 1,2— (c) 8.0E-02 Low No adverse effects Gavage/IRIS 1000
Dichlordberzene, 1,4~ NA NA/HEAST
Diethyl phthalate 8.0E+00 Decreased body and organ weights DieHEAST 100
Dirrethyiphenat, 2,4~ 2.0E-01 Nervous system effects, blood aterations Gavage/HEAST 300
Di—n—butyl phthalate 1.0E+00 Increased mortality Diet/HEAST 100
Fluoranthene 4.0E-01 Kidney, liver, and blood effects Gavage/HEAST 300
Fluorene 4.0E-01 " Decreased erythrocyte courts Gavage/HEAST 300
Indena(i 2,3 -cd)pyrene NA NA/HEAST
Methyinaphthalere, 2— NA NA/HEAST
Methyipherol, 2— 5.0E-01 Neurotoxicty; decreased welght gain Gavage/HEAST 100
Methyiphenol, 4 - 5.0E-02 Matemal desthy; respratory disress - Gavage/HEAST 100

lene 4.0E-02 . Decreased body weight gain Gavage/HEAST92 10000
Nitrapher, 4— Née : _ NAMHEAST
Perylene NA NA/HEAST
Phenanthrere NA NA/HEAST
Pherol 6.0E-01 Reduced fetal body weight Gavage/HEAST 100
Pyrere 3.0E-01 Renal effects Gavage/HEAST 300
TCDD, 2,3,7.8— NA/HEAST




TABLE 2-6 (cort)

_ SUMMARY OF TOXICITY VALUES ASSOCIATED WITH NONCARCINOGENIC SUBCHRONIC EFFECTS: ORAL

NCBC DAVISVILLE — SITE 09

SOBCHRONIC ) ORAL
RFD (ORAL) CONFIDENCE CRITICAL RFD BASIS/ UNCERTAINTY
CONSTITUENT frokg-—day) LEVEL (a) EFFECT SOURCE FACTOR ()
PESTICIDES /PCBs
Aldrin 3.0E-05 Liver lesiors Diet/HEAST 1000
BHC, sipha— (d) 3.0E-03 Liver and kidney oxicity’ DiettHEAST 100
BHC, beta— (d) 3.0E-03 Liver and kidney toxicity Diet/HEAST 100
BHC, ganma-— 3.0E-03 Liver and kidney toxicity DieyHEAST 100
'Chiordane, alpha— () 8.0E-05 Liver hypertrophy Diet/HEAST 1000
Chlordane, gamma— (e) 6.0E-05 Liver hypertrophy Diet/HEAST 1000
DOD, 4,4~ () 5.0E-04 Liver lesiors Diet/HEAST 100
DOE, 4,4- (B 5.0E-04 Liver lesiors DieyHEAST 100
OOT, 4,4~ 5.0E-04 Liver lesiors Diet/HEAST 100
Oieldrin 5.0E-05 Liver lesions DietHEAST 100
Endosulfan il (g) 6.0E-03 Decreased welght gain; kidney toxicity, aneurysms Diet/HEAST 100
Endosuifan sulfate ) NA/HEAST
Endrin 3.0E-04 Liver lesiors; CNS corvuisions DietHEAST 100
Endlrin aldehyde NA NA/HEAST
Endrin ketone NA ° NA/HEAST
Heptachior 5.0E-04 Increased liver weight Diet/HEAST 300
Heptachior epoxide 1.3E-05 Increased relative liver weight Diet/HEAST 1000
Hexachlorcbazene (c) 8.0E~04 Medium Liver toxicity Diet/IRIS 100
Methoxychlor, pp'~ 5.0E-03 Litter loss Gavage/HEAST 1000
Aroclor—1242 NA NA/HEAST
Aroclor—1254 NA NA/HEAST
Aroclor—1260 NA NAMEAST
INORGANICS
Almirum NA NA/HEAST
Artimany 4.0E-04 Increased mortality; altered blood chemistry Wates HEAST 1000
Arsenic 3.0E-04 Keratosis and hyperpigmertation Oral/HEAST 1000
Barumn 7.0E-02 Increased blood pressre Water HEAST - 3
Beryllum 5.0E-03 None observed Water HEAST i00
Cadmium (cH) 1.0E-03 Proteinuria Diet/IRIS 10 .
Chramium |l 1.0E+00° None obsearved DieHEAST 1000
Chramium VI 2.0E~-02 . None observed Water HEAST 100
Caobalt NA : NA/HEAST
Copper () 3.7E-02 Locd gastrolrtestingl irritatian OralHEAST NA
Cyanide 2.0E-02 Decreased body weight, thyroid effects, myelin degener ation DietHEAST 600
Lead NA ) NA/HEAST
Marganese () 1.4E-01 Certral nervous system effects DieyHEAST 1
Mercury 3.0E-04 Kidney effects Oral/HEAST 1000
Nickel (k) 2.0E-02 Decreased body and organ weight Diet/HEAST 300
Selenium 5.0E-03 Clinical selenosis DiettHEAST 3
Siver 5.0E-03 Dermal effects .V.JHEAST 3
Thallium () 8.0E-04 Increased SGOT and LDH levels Gavage/HEAST 300
Vanadium 7.0E-03 Nore observed Water HEAST 100
Zinc 3.0E-01 Anernia Diet/HEAST 3

HEAST = U.S. EPA (ECAQ), 1993, Health Effects Assessmert Summary Tables (HEAST): Arraual Update

HEASTe2 = US. EPA (ECAO), 1892, Health Effects Assessmert Summary Tables (HEAST): Arual Updste. Uised per verbal guidance from EPA %gbnl

NA = Taxicity value not avallable

(a) Canfidence level rot specified in HEAST
(o) Modifying factor not specified in HEAST

(c) Subchronic RfD not avallable, chranic value I.sed

() Value for garmma—BHC

{e) Value for "chiordane* (CAS No. 67-74-8)

() Value for 4,4'-DDT

(@ Value for "erdosulfar® (CAS No. 115-29-7)
() Chronic value for Ingestian; Chronic Rfd for ingestion Is 5E -4 mg/kg-day
()} Value derived from currert drirking water standard of 1.3 mgh
() Vaiue for food ingestior; RfD for water ingestion is 5€ -3 mg/kg— day

) Value for rickel (sohible salts)

() Thallium carbonate; selection based on pH of soils st NCBC Davisville




TABLE 2-8

SUMMARY OF TOXICITY VALLES ASSQGIATED WITH NONCARCINOGENIC CHRONIC EFFECTS: INHALATION

- NCBC DAVISVILLE ~ SITE

CHRONIC RFD TNFALATION
(INHALATION) | CONFIDENCE i . CRITICAL RFD BASIS/  |UNCERTAINTY | MODIFYING
CONSTITUENT frakg—day) LEVEL : . EFFECT SOURGCE FACTOR FACTOR
VOLATILES . .
Acetore () 10E-01 |, Llow Increased liver snd kichey weight Gavage/RIS 100 1
Berzene NA NA/RIS HEAST
Butarone, 2— () 2.9E-01 Low Decreased fetal bith weight IRIS 1000 3
Carbon disulfide 2.8E-03 Gestatior/fetz] develcprment HEAST 1000
Chiorcherzene 5.0E-03 Kidney arnd liver effects HEAST 10000 NA
Chioroform (a) 1.0E-02 Medium Liver lesiors Capsule/IRIS 1000 1
Dichioroethane, 1,2— NA ' NA/RIS HEAST
Dichiorcetherte, 1,2— (a) 9.0E-03 Liver lesiors Water HEAST 1000 NA
Dichioropropane, 1,2- (¢) 1.1E-03 Medium Nasal mucosa hyperplasia IRIS 300 1
) 2.9E-01 Low Develgpmertal toxicity IRIS 300 1
Tetrachioroethane, 1,1,2,2— NA NANRIS HEAST
Tetrachioroethene (a) 1.0E-02 Medim Hepatntadcity Gavage/IRIS 1000 I
Toluere (d) 1.1E-01 Medium CNS effects RIS 300 1
Trichloroethane, 1,11~ NA NAARIS HEAST
Trichloroethene NA : NAARIS HEAST
Vinyl chloride NA ; NAARIS HEAST
Xytere {tota) (a) 2.0E+00 Hyper activity, dec. body weight, increased mortality Gavage/IRIS 100 1
SEMIVOLATILES
Acenaphthene (a) 6.0E-02 Low Hepatotaxcity GavagefiRIS 3000 1
ene NA NAARIS,HEAST
Arthracene (a) 3.0E-01 Low None observed Gavage/IRIS 3000 1
Berwoic acid (a) 4.0E+00 Medium None observed Diet/IRIS 1 1
Berzotriazole NA N NAZRISHEAST
Berzotriazole, chiorinated NA NA/RIS HEAST
Berzo(a)arthracene NA NAARIS HEAST
Berzof(g)pyrene NA NA/RIS HEAST
Bereo p)fiuoraithene NA NAMRIS HEAST
Berzo{e)pyrene NA NA/IRIS HEAST
Berzo@h,)perylene NA NAARIS HEAST
Berzo K)fiuoranthene NA NA/RIS HEAST
Bis(2—chioroethyl)ether NA NAfIRIS HEAST
Bis(2—-chioroisopropyf)ether NA NA/RIS HEAST
Bis(2—ethyhexyl) phthalate (a) 2.0E-02 Medium Increased relative liver weight Diet/IRIS 1000 1
Butyberzylphthalate (s) 2.0E-01 Low Effects on body weight gain, testes, liver, kidney Diet/IRIS 1000 1
Carbazole NA NA/IRIS HEAST
Crrysere NA NASRIS,HEAST
Caoronene NA NA/RIS,HEAST
Diberzofuran NA NAARIS,HEAST
Diberz(aharthracee NA NA/IRIS, HEAST
Dichioraberzene, 1,2- (a) 9.0E-02 Low None observed Gavage/IRIS 1000
Dichiorcberzene, 1.4— (e) 2.2E-01 Liver HEAST 100
Diethyl prthalate (a) 8.0E-01 Low Dect eased growth rate and food corsumption Die¥IRIS 1000
Dirrethyighenadl, 2,4 (a) 2.0E-02 Low Clinical sigrs; hematological changes Gavage/RIS 3000
Di—n—butyl phthalate (a) 1.0E-01 Low Increased mortality Die¥/|RIS 1000
|Flucrarthene (g) . 4.0E-02 Low Kidrey, liver, bload, ard clinical effects Gavage/IRIS 3000
Fluorene (g) 4.0E-02 Low Hematological effects Gavage/IRIS 3000
Irdeno(t 2.3 -cd)pyrene NA NA/RIS,HEAST
Methylinaphthalere, 2— NA : . NA/RIS,HEAST
Methylphero!, 2— (3) 5.0E-02 Medium Decreased body welght, neurotoxicity Gavage/IRIS 1000 1
Methylpherol, 4— (a) 5.0E-03 Matemal death : Gavage/HEAST 1000 NA
Naphthalene (a) 4.0E-02 Decreased body weight gain [Gavage/HEASTS2 10000 NA
Nitropherol, 4— Na NA/IRISHEAST
Perylene NA NAARIS HEAST
Phenanttvene NA NAMRISHEAST
Pherol {a) 6.0E-01 Low Red.ced fetal body weight Gavage/RIS 100 1
Pyrere (a) 3.0E-02 Low Kidrey effects Gavage/IRIS 3000 1
TCDD, 2,3,7,8— NA NA/IRIS HEAST




SUMMARY OF TOXICITY VALUES ASSOCIATED WITH NONCARCINOGENIC CHRONIC EFFECTS: INHALATION

TABLE 2-6 (cort)
NCBG DAVISVILLE — SITE 09

CHAONIC AFD TNFALATION
(INHALATION) | CONFIDENCE CRITICAL RFD BASIS/  |UNCERTAINTY | MODIFYING
CONSTITUENT (mokg-day) LEVEL EFFECT SOURCE ‘FACTOR FACTOR
i
PESTICIDES / PCBs ) :
Aldrin (3) 3.0E-05 Medium Liver toxicity Diet/IRIS 1000 1
BHC, apha— NA NA/RIS HEAST
BHC, beta— NA : NA/RIS HEAST
BHC, ganrma- (3) 3.0E-04 Medium Liver and kidney toxicity Diet/IRIS 1000 1
Chlordarie, alpha— (af) 8.0E-05 Low Liver hypertrophy Diet/IRIS 1000 1
Chlordane, garmma— (af) 8.0E-05 Lowe Liver hypertrophy Diet/IRIS 1000 1
DDD, 4,4- NA NA/IRIS,HEAST
DDE, 4,4- NA NAARIS HEAST .
DDT, 4,4 (a) 5.0E-04 Medium Liver lesiors DietfIRIS 100 1
Dieldrin (a) 5.0E-05 Medium Liver lesiors Diet/IRIS 100 1
Encosuifan Il (a,g) 6.0E-03 Decreased weight gain; kidney toxkity; aneurysms DietyHEAST 100 NA
Endosuifan sulfate NAARIS HEAST
Endrin (a) 3.0E-04 Medium Liver lesions; CNS corvusions Diet/IRIS 100 1
Endrin aldehyde NA NA/IRIS HEAST :
Endrin ketone NA NA/RIS HEAST
Heptachlor (a) 5.0E-04 Low Increased liver weight Diet/IRIS 300 1
Heptachlor epaxide (a) 1.3E-05 Low Increased relative liver weight Diet/IRIS 1000 1
Hexachlordberzene (g) B8.0E-04 Medium , Liver toxicity Diet/IRIS 100 1
Methoxychior, pp'~ (a) 5.0E-03 Low Litter loss Gavage/IRIS 1000 1
Aroclor—1242 NA NANRIS,HEAST
Aroclor—1254 NA NAARIS HEAST
Aoclor—1260 NA NA/RIS HEAST
INORGANICS
Aumirum NA . NA/RISHEAST
Artimony (a) 4.0E-04 Low Decreased longevity, blood glucose, and cholesterol Water/IRIS 1000 1
Arsenic (a) 3.0E-04 Medum Hyperpigmentation, keratosis, possile vascular effects Water/IRIS 3 1
Barium 1.0E-04 Fetotaxcity HEAST 1000 1
Baryllium (3) 5.0E-03 Low None cbserved Water RIS 100 1
Cadmium () 5.0E-04 High ProteirLria Diet/iRIS 10 .
Cryanium Il (g) - 1.0E+00 Low None cbserved Die¥/IRIS 100 10
Chramium Vi (a) 5.0E-03 Low No effects reported Water/IRIS 500 1
Caobalt NA NAARISHEAST
Copper . NA NA/RISHEAST
Cyanide (a) 2.0E-02 Medium Welght loss, thyroid effects DietfIRIS" 100 5§ '
Lead NA : NA/RISHEAST .
Marganese (f) 1.1E-04 Medim Respir atory symptorms, psychorrotor disturbances Occupat fIRIS 300 3
Mercury () 8.6E-05 Neurotoxicky Occupat /HEAST 30 NA
Nickel (ak) 2.0E-02 Medium Reduced bady and organ weights Diet/IRIS 300 1
Selenium 5.0E-03 High Clinical selencsis, CNS abnommalities DieyfIRIS 3 1
Siver (a) 5.0E-03 Low Dermal effects .V.ARIS 3 1
Thallum (a,) 8.0E-05 Low Increased SGOT and LDH levels Gavege/IRIS 3000 1
Vanadium (g) 7.0E-03 None observed Water HEAST 100 NA
Zinc (a) 3.0E-01 Anermia Diet/IRIS 3 1

IRIS = U.S. EPA, 1993 (or most recent fils), Integrated Risk Iiformation System (IRIS) Database
HEAST = U.S. EPA (ECAQ), 1993, Health Effects Assessmert Summary Tables (HEAST): Arnual Update
- HEASTE2 = U.S. EPA (ECAQ), 1992, Health Effects Assessment Sumrmary Tables (HEAST): Annual Update. Used per verbal guidance from EPA Region .

NA = Taoxicity value not avallable
(a) Oral taxicity value (pased on systermic effects) assigled to irhalation.

(o) Value derived from RFC of 1E +00 mghma.

(c) Value derived from RFC of 4E—3mgima.

(ch Value derived from RFC of 4E—-01 mgira.
(e) Valus derived from RfC of 8E -1 mg/rra.

) Value for *chlordane® (CAS No. 57-74-9)
() Vahue for "endosuifar® (CAS No. 116-29-7)
() Oral toxicity value for water ingestion based an systamic effects) assigned to Inhalation
() Vahse derived from RFC of 4E—-04 mgfrre.
D Vahue derived from RIC of 3E =4

() Taxicity value for nickel (sokuble salts)

() Thalilum carbanate; selection based on pH of salls at NCBC Davisville




TABLE 2-7

SUMMARY OF TOXICITY VAL SOCIATED WITH NONCARCINCGENIC SUBCHRONIC EFFECTS: INHALATION
-;-{ NCBC DAVISVILLE - SITE 09
SUBCHRONIC _ TNRACATION
RFD (INHALATION) | CONFIDENCE CRITICAL RFD BASIS/  |UNCERTAINTY
CONSTMUENT frokg-day) LEVEL (s} EFFECT SOURCE FACTOR )
VOLATILES .

- ||[Acetore (o) 1.0E400 Increased liver and kidney weight Gavage/HEAST 100
Berzene NA , NA/HEAST
Butarone, 2- (d) 2.9E-01 : Decreased birth weight HEAST 3000
Carbon disulfide 29E-03 Gestatioryfetal develgpment HEAST
Chiorchberzene (g) 5.0E-03 ! Kidney and liver effects HEAST 10000
Chioroform (o) 1.0E-02 Liver lesiors Capsule/HEAST 1000
Dichioroethane, 1,2~ NA NA/HEAST )
Dichioroethene, 1,2— {c) 9.0E-03 Liver lesiors Water HEAST 1000
Dichlorgprpane, 1,2— ) 3.7E-03 Nasal mucosa hyperplasia HEAST 100
Ethyberzene (e) 29E-01 Develgpmental toxicity RIS 300
Tetrachioroethane, 1,1,2,2— NA NA/HEAST
| Tetrachioroethene (c) 1.0E-01 Hepatotaxicity Gavage/HEAST 100
Toluere (e) 1.1E-01 CNS effects IRIS 300
Trichloroethane, 1,11~ NA NA/HEAST
Trichloroethene NA NA/HEAST
Vinyl chioride NA NA/HEAST
Xylene (tota)) NA NA/HEAST '

SEMIVOLATILES K

Acenaphthene (c) 6.0E-01 Hepatotaxdcity Gavage/HEAST 300
Acenaphitylene NA NA/HEAST
Anthracene (C) 3.0E+00 Nore observed Gavage/HEAST 300
Benzoic acid {c) 4.0E400 None observed DiettHEAST 1
Berzotriazole NA NA/HEAST
Berzotriazole, chiorinated NA NA/HEAST
Berwzo(a)arthracene NA NA/HEAST
Berzo(g)pyrene NA NA/HEAST
Berzo (o)fiuoranthene NA NAMHEAST
Berzo(e)pyrene NA NA/HEAST
Berzo (g h,)perylerne NA NA/HEAST
Berza{)fluoranthene NA NA/HEAST
Bis(2—chioroethyl)ether NA NAHEAST
Bis(2-chioroisopropyl)ether (c) 4.0E-02 Decreased hemmoglobin Diet/HEAST 1000
Bis(2~ethythexy)) phthalate NA NAHEAST
Butyberzyiphthalate (c) 2.0E+00 Atered liver weight Diet/HEAST 100
Carbazole NA NA/HEAST
Chrysene NA NAMHEAST
Coronene NA NA/HEAST
Diberzofuran NA NA/HEAST
Dibenz{ah) anthracene NA NAMHEAST
Dichiordberzene, 1,2— NA - NA/HEAST
Dichlordberzene, 1,4— (@ 2.2E-01 Liver HEAST 100
Dietrwyl phthalate (c) 8.0E+00 - Decreased body and organ weights Diet/HEAST 100
Dimrethylphenadl, 2,4- (c) 2.0E-01 Nervous system effects; blood alteratians Gavage/HEAST 300
Di—n-butyl prthalate (c) 1.0E400 Increased mortality Diet/HEAST 100
Fluorarthene (c) 4.0E-01 Kidney, liver, and blood effects Gavage/HEAST 300
Fluorene (c) 4.0E-01 Decreased erythvocyte courts Gavage/HEAST 300
trdeno(1,2,3 —cdjpyrene NA NA/HEAST
Methylnaphthalene, 2— NA NA/HEAST ,
Methylpherol, 2- (0) 5.0E-01 Neurotxicty; decreased weight gain Gavage/HEAST 100
Methylpherol, 4- (c) 5.0E-02 Matemal deathy resprratory distress Gavage/HEAST 100
Naphtihalene (c) 4.0E-02 Decreased body weight gain Gavage/HEAST92 10000
Nitropherol, 4— NA . . NAHEAST
Perylere NA NA/HEAST
Phenanthrene NA NA/MHEAST
Pherol {c) 6.0E-01 Red.ced fetal body weight Gavage/HEAST 100
Pyrene (c) 3.0E-01 Renal effects Gavage/HEAST 300
TCDD, 2,3,78— NA NA/HEAST




TABLE 2-7 (cort):

SUMMARY OF TOXICITY VALUES ASSOCIATED WITH NONCARCINOGENIC SUBCHRONIC EFFECTS: INHALATION

NCBC DAVISVILLE - SITE 09

SUBCHHONIC TNRALATION | .
: RFD (INHALATION) | CONFIDENCE CRITICAL RFD BASIS/  {UNCERTAINTY
CONSTMUENT froMkg-day) | LEVEL (a) EFFECT SOURCE FACTOR )
)
PESTICIDES /PCBs ! ~
Aldrin () 3.0E-05 Liver lesiors DietHEAST 1000
BHC, alpha— NA NA/HEAST
BHC, beta— NA NAMEAST
BHC, gamma- (c) 3.0E-03 Liver and kidney toxicity DiettHEAST 100
Chiordane, alpha— (c.h) 8.0E-05 Liver hypertrophy DietHEAST 1000
Chiordane, gamma— 6.0E-05 Liver hypertrophy. Diet/HEAST 1000
DOD, 4,4- NA NA/HEAST
DOE, 4,4— NA NA/HEAST
DDT, 44— () 5.0E-04 Liver lesiors Die/HEAST 100
Dieldrin (c) 5.0E-05 Liver lesiors DietHEAST 100
Endosuifani il €.} 6.0E-03 Decreased weight gain; kidney toxicity; aneurysms DietHEAST 100
Encosulfen sulfate NA/HEAST
Endrin (c) 3.0E-04 Liver lesions; CNS cormulsions DietHEAST 100
Endrin aldehyde NA NA/HEAST
Endrinketone NA NA/HEAST
Heptachior () 5.0E-04 Increased liver welght Dlet/HEAST 300
Heptachlor epaxide (c) 1.3E-05 Increased relative liver weight Diet/HEAST 1000 -
Hexachlordberzene NA NA/HEAST
Methoxychlor, pp’'— (€) 5.0E-03 Litter loss Gavage/HEAST 1000
Arocior—1242 NA . NA/HEAST
Aroclor—1254 NA NA/HEAST
Aroclor—1260 NA NA/HEAST
INORGANICS
Almirum . NA ' NA/HEAST
Artimony (€} 4.0E-04 Increased mortality; aitered blood chemistry Water HEAST 1000
Arsenic (0 3.0E-04 Kerstosis and hyperpigmertation Water HEAST 3
Barium 1.0E-03 Fetotaxicity HEAST 100
Beryllium (c) 5.0E-03 None observed Water HEAST 100
Cadrmium () 65.0E-04 Proteirnria Diet/IRIS 10
Chyamium i (c) 1.0E4+00 None observed Diet/HEAST 1000
Chramium VI () 2.0E-02 Nore observed Water HEAST 100
Cobait NA ] NA/HEAST
Copper NA . NA/HEAST
Cyanride () 2.0E-02 Weight loss, thyroid effects, myelin degeneration DietHEAST 500
Lead NA . NA/HEAST
Marganese &) 1.1E-04 Respratory effects, psychamctor distrbarces HEAST 900
Mercuey () 8.6E-05 Neurotoxicty O ccupationsl/HEA! 30
Nickel (c,m) 2.0E-02 Decreased body and organ weights Diet/HEAST 300
Selenium (c) 5.0E~03 Clinical selenosis Die/HEAST 3
Siver c) 5.0E-03 Dermal effects L.V.HEAST 3
Thallium (c,n) .8.0E-04 Increased SGOT and LDH levels Gavage/HEAST 300
Vanadum (c) 7.0E-03 Nore observed Watert HEAST 100
Zinc (c) 3.0E-01 Anemia DietHEAST 3

HEAST = U.S. EPA (ECAQ), 1993, Health Efects Assessmiert Summary Tebles (HEAST): Armual Updsate
HEASTS2 = U.S. EPA ECAO), 1992, Health Effects Assessmert Sumymary Tables (HEAST): Annual Update. Used per verbal guda'ne fromEPA Region .

NA = Taxdcity value not avsilable

(a) Canfidence leve! rot specified in HEAST
o) Maodifying factor not specified in HEAST

(c) Oral toxicity value

(d) Value derived from RFC of 1E + 0 mghr3.

{e) Subchroric Rfc not available; chranic value used
) Value derived from RfC of 1.3E—-2 mghma.

(@ Value derived from RfC of 8E—1 mg/ma.

() Value for "chiordane® (CAS No. 67-74-9)

() Value for *endosufart (CAS No. 116—29-7)

(D Subchronic toxicity values naot available; oral toxicity value for chroric water Ingestion (based on sysmrric effects) assigned to Irhalation.
) Value derived from RFC of 4£—4 mg/ma.
() Value derived from RFC of 3E~ 4 mgira.
() Toxicity vahue for nicke!l soluble salts

{r) Thallium carbonate; selection based on pH of sails a I\K'}BC Davisville

on systemnic effects) assigred to inhalation.




" TABLE 2-8
SUMMARY OF EXPOSURE PARAMETER VALUES
NCBC DAVISVILLE

Chemical Concentration Justification:
Surface and Subsurface Solls; Ground Water;
Surface Water; Shellfish;

The geometric mean and maximum concentrations used In estimating
exposure were calculated using the methods described previously

VALUE VALUE
VALUEOR ' USEDIN USEDIN
PARAMETER RANGE PHASE! PHASEI RATIONALE FOR PHASE Il VALUE REFERENCE
Global variables:
Body Welght (kg) N
-~ Child/Youth (Recreational) 13.1-61.2 NA 33.9 Value based on average of males and females between 2—18 yrs EPA 1990a
— Adult (Construction; Shellfishing) 67.2—-74.5 70 70 Value based on average of males and females between 18—65 yrs EPA 1989a
Exposure Duratlon (yr)
- Construction 0-52 30 1 Time spent dolng construction, excavation, or utllity work.
— Recreational 0-18 NA 16 Time perlod over which children & youths likely to spend time at parks
— Shellfishing 0-52 NA 30 National upper—bound (90th percentile) time at one residence EPA 1991a
Averaging Time (d)
— Cancer risks NA 25,550 25,550 Value based upon 70 year life expectancy. EPA 1989a
— Noncancer risks
Construction 365-25,550 10,950 365 Value based upon exposure duration.
Recreational 365—-25,550 NA 5,840 Value based upon exposure duration.
Shellfishing 365-25,550 10,950 10,950 Value based upon exposure duration.
Relative Absorption Factors (——) :
~-Ingestion of soil and shellfish
VOCs 1 1 EPA, 1989b
PAHs 1 1 EPA, 1989b
PCBs 0.3 0.3 EPA, 1989b
Pesticldes 0.3or1 0.30r1 For chemicals with high and low soll sorption, repsectively EPA, 1989b
Inorganics ’ 1 1 EPA, 1989b
Lead 0.50r0.3 0.50r0.3 For children and youths/adults, respectively EPA, 1989b
-~ Dermal contact with soil
. Cadmium 0.5 0.01 Fractlon absorbed; unadjusted since oral RfDs are based on absorbed dose EPA, 1992¢c
PCBs 0.05 0.06 Fraction absorbed; unadjusted since oral absorption >90% (ATSDR, 1989) EPA, 1992¢
TCDD NA 0.04 Fraction absorbed; adjusted assuming 75% oral absorption as cited In HEAST EPA, 1992c
~ Inhalation of dust, volatiized constituents or ingestion 1 1 For all chemicals EPA, 1989b
of ground water ’ )
Adherence Factor for Soil (mg/cm2) 0-2.77 0.5 0.5 « Based upon Reglon | review of soll adherence to hands. EPA, 1989b
Fraction of Exposed Surface Area that contacts soll . 0—1 0.5 0.5 . EPA, 1989b




TABLE 2-8 (cont.) ' .
SUMMARY OF EXPOSURE PARAMETER VALUES
NCBC DAVISVILLE

. VALUE VALUE
. VALUE OR USEDIN USEDIN
PARAMETER RANGE PHASE!I PHASEIl RATIONALE FOR PHASE Il VALUE REFERENCE
Construction Scenario (Future)
Exposure Time (hi/d) 0-24 - 8 Based upon an eight hour work day.
Exposure Frequency (d/yr) 0-365 10 250 Number of days spent dolng construction, excavation, or utility work
Ingestion of Constituents In Solls :
Ingestion Rate (mg/d) 0~480 100 480 Based upon extensive contact with the soll. EPA 1991a
Dermal Contact with Constituents In Solls
Skin Surface Area (cm2) 0-18,150 2,000 4,000 Based on increased exposure relative to normal residential/recreational activities EPA 1989b
Inhalation of Alrborne Constituents ’ )
Amblent Dust Concentration (kg/m3) varlable - site—~specific Based on fugitive dust model EPA 1988
Concentration of Volatiles in Alr (mg/m3) variable - constituent—specific Based on flux/ambient alr model EPA 1991b, 1992¢g
1993e
Inhalation Rate (m3/hr) 0.5-3.9 - 2.5 Based upon moderate exertion. EPA 1991a
Recreational Scenario (Future) .
Exposure Frequency (d/yr) 0-365 NA 72 or 20 (a) 72 days assumes 2 d/wk, 4 wk/mo during spring, summer, and fall;
Ingestlon of Constituents In Solls 20 days assumes 2 d/wk during 10 wks of summer - .
Ingestion Rate (mg/d) 0-480 NA 125 . Assumes 200 mg/d for 2—-6 yrs and 100 mg/d for 6—-18 yrs EPA 1991a
Dermal Contact with Constituents In Solls :
Skin Surface Area (cm2) 0—1798 NA 1,420 Assumes 25% exposed for 2—6 yrs and 10% exposed for 6—18 yrs EPA 1990a, 1992¢
Dermal Contact with Constituents In Ground Water : )
Skin Surface Area {cm2) 0-12,000 NA 12,000 Based on 100% surface area exposed while showering EPA 1992¢
Exposure Time (hr/d) 0-24 NA 0.16 Assumes 10 minute showing time EPA 1992¢
Inhalation of Volatile Constituents in Ground Water -
Concentration of Volatiles in Alr (mg/m3) variable - constituent—-specific Based on Ideal gas law
Exposure Time (hr/d) 0-24 NA 0.16 Assumes 10 minute showing time EPA 1992¢
Ingestion of Constituents in Surface Water . .
Ingestion Rate (ml/hr), variable NA 50 Based on reasonable estimate of water intake while swimming EPA 1989a
Exposure Time (hr/d) 0.5-1.0 NA 0.5 Mean estimate for someone who swims recreationally EPA 1992¢c
Dermal Contact with Constituents In Surface Water
Skin Surface Area {cm2) 0-12,000 NA 12,000 Assume person is entirely Inmersed during swimming EPA 1992¢
Exposure Time (hr/d) 0.5-1.0 NA 0.5 . _Mean estimate for someone who swims recreationally EPA 1992¢
Shelifishing Scenario (Current/Future) . '
Exposure Frequency (d/yr) 0-365 NA 350 Assumes two weeks of vacation EPA 1991a
Ingestion of Constituents in Clams ’ ‘
Ingestion Rate (mg/d) NA - 1200 Based on 150,000 mg seafood per servlng 2.9 servlngs of clams per year (b) NBP, n.d.
Alternative Ingestion Rate (mg/d) NA - 442 Mean value for clams EPA 1990a
Ingestion of Constituents In Mussels :
Ingestion Rate (mg/d) NA - 1200 Based on 150,000 mg seafood per serving 2.9 servlngs of clams per year (b) NBP, n.d.
Alternative Ingestion Rate (mg/d) - NA - 13 Mean value for other shellfish (c) : EPA 1990a
Ingestion of Constituents In Oysters .
Ingestion Rate (mg/d) NA - 1200 Based on 150,000 mg seafood per serving 2.9 servings of clams per year (b) NBP, n.d.
Alternative Ingestion Rate (mg/d) NA - 291 Mean value for oysters EPA 1990a
Fraction from Locations Near Site 09 0-1 -— 1 Maximum estimate BPJ

NA = Not applicable; this scenarlo or constituent not evaluated in the Phase | RA
(a) Exposure frequency of 72 days used for ingestion of and dermal contact with chemlcals In soil; exposure frequency of 20 days used for dermal contact with and inhalation of volatiles from ground water; and

Ingestion of and dermal contact with surface water.

{b) ingestion rates for mussels and oysters not provided in Narragansett Bay Project (NBP) (n.d.).

"(c) Ingestion rate for mussels not provided In EPA (1990a).




TABLE2-9
CHEMICAL, PHYSICAL, AND ENVIRONMENTAL FATE PARAMETERS
NCBC DAVISVILLE — SITE 09

Relative Dermal
Molecular Ref. Molecular Ref. Ref.  Henry'sLaw Ref. Diffusivity in Absorption Factors (RAFs) Per mability
Constituent Formula Note Weight Note Koc Note Constant Note  Alr (Oa) (11) Oral (7) Dermat 8) Constant Kp) B)
(g/mol) (=-) (atm*m3/mol) _(cm2/s) (=-) =-) (cm/hn)

INORGANICS ' ,
Aluminum Al 1 26.89 1 NA 4 NA 4 NA 1 NA- 1.0E~-03
Antimony Sb 4 1275 4 NA 4 NA 4 NA 1 NA 1.0E-03
Arsenic As 4 7492 4 NA 4 NA 4 NA 1 NA 1.0E-03
Barium -Ba 4 13733 4 NA 4 NA 4 NA 1 NA - 1.0E-03
Berylium Be 4 9.01 4 NA 4 NA 4 NA 1 NA 1.0E-03
Cadmium Ccd 4 11241 4 NA 4 NA 4 NA 1 0.01 1.0E-03
- Chromlum I Crin 4 52.00 4 . NA 4 NA 4 NA 1 NA 1.0E-03
Chromium VI cvi 4 5200 4 NA 4 NA 4 NA 1 NA 1.0E-03
Cobalt Co 4 58.93 4 NA 4 NA 4 NA 1 NA * 40E-04
Copper Cu 4 6355 4 NA 4 NA 4 NA 1 NA 1.0E-03
Cyanide Cn 4 2602 4 NA 4 NA 4 NA 1 NA 1.0E-03
Lead Pb 4 20720 4 NA 4 NA 4 NA 0.3 NA 4.0E-06
Manganese Mn 1 54.94 1 NA 4 NA 4 NA 1 NA 1.0E-03
© Mercury Hg 4 200.59 4 NA 4 1.1E-02 4 NA 1 NA 3.0E-03
Nickel Ni 4 5869 4 NA 4 NA 4 NA 1 NA 1.0E-04
Selenium Se 1 78.96 1 NA 4 NA 4 NA 1 NA 1.0E-03
Silver Ag 4 107.87 4 NA 4 NA 4 NA 1 NA 6.0E-04
Thallium L | 204.38 1 NA 4 NA 4 NA 1 NA 1.0E-03
Vanadium v 1 50.94 1 NA 4 NA 4 NA 1 NA 1.0E-03
Zinc Zn 4 65.38 4 NA 4 NA 4 NA 1 NA 6.0E-04

. VOLATILES

Acetone C3HO 4 58.08 4 J.7E-01 3 4.3E-05 4 1.0E-01 1 NA 5.7E-04
Benzene C¢Hg 4 78.11 4 B8.1E+01 3 5.6E-03 4 8.7E-02 1 NA 2.1E-02
- Butanone, 2— CHO 4 7211 4 1.2E+00. 3 4.7E-05 4 8.9E-02 1 NA 1.1E-03
Carbon disulfide CS, 4 76.13 4 3.0E+02 3 1.9E-02 4 7.4E-02 1 NA 2.4E-02
Chloroberzene CHLCI 4 11256 4 19E+02 3 39E-03 4 7.7€-02 1 NA 4.1E-02
Chiloroform CHCly 4 119.38 4 44E+01 3 3.4E-03 4 8.8E—02 1 NA 8.9E-03
Dichloroethane, 1,2~ CHCl, 4 9896 4 1.6E+01 3 © 1.2E-03 4 8.9E-02 1 NA 5.3E-03
Dichloroethens, 1,2— (Total) CHLl, 4 9694 4 S59E+01 3 6.7E-03 4 9.1E-02 1 NA 1.0E-02
Blchieroprppanse, 1,2— C3HsCl, 4 112.99 4 3.7E+01 3 2.7E-03 4 8.0E—02 1 NA 1.0E-02
Ethyl bermsene CHy 4 106.177 4 1.8E+02 3 8.0E-03 4 7.1E-02 1 NA 7.4E-02
Tetrachioroethane, 1,1,2,2— CH,Cly 4 16785 4 8.2E+01 3 46E-04 3 7.3E-02 1 NA 9.0E-03
Tetrachlorogihene cCly 4 16583 4 28E+02 3 27E-02 4 7.4E-02 1 NA 4.8E-02
Yoluene CiHg 4 92.14 4 1.3E+02 3 5.9E-03 4 7.8E-02 1 NA 4.5E-02
Trichloroethans, 1,1,1— C,HiCl 3 13340 3 13E+02 3 1.6E-02 3 8.2E-02 1 NA 1.7E-02
Trichloroethgne C,Hd 4 131.39 4 99E+01 3 1.2E-02 4 8.1E-02 1 NA 1.6E-02
Viny! chiorids C,HCl 4 6250 4 25E+00 3 2.8E-02 4 1.1E-01 1 NA 7.3E-03
Xylenes (tota) CeHyy 4 106.17 4 6.4E+02 3 6.7E-03 4 7.1E-02 1 NA 8.0E-02




CHEMICAL, PHYSICAL,

TABLE 2-9 (cont.)
AND ENVIRONMENTAL FATE PARAMETERS

NCBC DAVISVILLE - SITE 09

: Relative Dermal
Molecular Ref. Molecular Ref. Ref. Henry's Law Ref. Diffusivity in Absorption Factors (RAFs) Permability
Constituent Formula Note Weight Note Koc Note Constant Note  Air (Da) (11) Oral (7) Dermal (8) Constant (Kp) (8)
~__(g/mo) (=) (atm*m3/mot) (cm2Js) =-) (=-) (em/hn)

SEMIVOLATILES
. Acenaphthene CiHyp 4 154.21 4 18E+01 3 24E-04 4 6.0E-02 1 NA 1.3E-01
Acenaphthylene CHyg 4 152.20 4 48E+03 3 1.1E-04 4 6.1E-02 1 NA 1.8E-01
Anthracene CiHyp 4 178.23 4 20E+04 3 8.6E-05 4 5.8E—-02 1 NA 2.2E-01
Benzoic acid CHO, 4 122.12 3 1.8E+02 3 7.0E—-08 3 NA 1 NA 7.3E-03
Benzotriazole CHN, 1 119.12 1 NR (9) NR (9) NR (9) 1 NR (9) NR (9)
Benzotriazole, chlorimated NA 1 NA 1 NR (9) NR (9) . NR (9) 1 NR (9) NR (9)
Benzo(a)anthracene CiH, 4 22829 4 14E+06 3 6.6E-07 4 NA 1 NA 8.1E+00
_Benzo(a)pyrene . C,H;; 4 25232 4 1.2E+06 3 4.9E-07 4 NA 1 NA 1.2E+00
Benzo(b/K)fluoranthene (5) C,H,, 4 25232 4 55E+05 3 12E-05 4 NA 1 NA 1.2E+00
Benzo(e)pyrene CH, 4 252.32 4 NR (9) NR (9) NR (9) 1 NR (9) NR (9)
Benzo(ghi)perylene CH, 3 276.34 3 7.8E+06 3 1.4E-07 3 NA 1 NA 4.4E+00
Bis(2—chlorosthyl)ether CHCIO 3 143.01 3 1.4E+01 3 1.3E-05 3 7.1E—-02 1 NA 2.1E-03
Bis (2—chloroisopropyl)ether CH,,CLO 3 171.07 3 6.2E+01 3 1.1E-04 3 6.2E-02 1 NA 1.2E-02
Bis (2—ethylhexyl)phthalate C,H0, 4 390.54 4 1.0E+05 3 3.0E~07 4 NA 1 NA 3.3E-02
Butyl benzyl phthalate H0Oy 4. 31240 4 21E+02 3 1.3E-06 4 NA 1 NA 5.8E-02
Carbazole CHN 1 167.20 1 - NA 4 NA 4 NA 1 NA NA
Chrysene CHy, 4 228.29 4 2.5E+05 3 1.1E-06 4 NA 1 NA 8.1E-01
Coronene C,H;, 10 300.36 10 NR (9) NR (9) NR (9) 1 NR (9) NR (9)
Diberzofuran C,HO 4 16819 4 1.0E+04 3 NA 4 NA 1 NA 1.5E-01
Diberzo(a,h)anthracene C,Hy 3 278.36 3 1.7E+06 3 7.3E—-09 3 NA 1 NA 2.7E+00
Dichlorobenzene, 1,2— cHCl, 3 147.00 3 6.6E+02 3 2.4E-03 3 7.1E-02 1 NA 6.1E-02
Dichlorobenzene, 1,4— cHCl, 3 147.00 3 1.6E+02 3 4.5E-03 3 7.1E-02 1 NA 6.2E-02
Diethyl phthalate CH 0 3 222.24 3 6.9E+01 3 8.5E-07 3 NA 1 NA 4.8E-03
Dimethylphenol, 2,4— CH, O 4 122.17 4 1.2E+02 3 - 6.6E—06 4 NA 1 NA 1.5E-02
Di—n-buty! phthalate C,Hx0, 3 278.35 3 -1.4E+03 3 6.3E-05 3 NA 1 NA 3.3E-02
Fluorarthene CiHp 4 20226 4 4.2E+04 3 6.5E-06 4 NA 1 NA 3.6E-01
Fluorene CiHp 4 166.22 4 5.0E+03 3 1.2E-04 4 5.8E~-02 1 NA 1.7E-01
Indeno(1,2,3—cd)pyrene CH,, 4 276.34 4 3.1E+07 3 7.0E-08 4 NA 1 NA 1.9E+00
Methylnaphthalene, 2— CiHpp 4 142.20 4 B.OE+03 3 5.0E-04 4 6.4E-02 1 NA 3.7E-05
Methylphenol, 2— CH, 4 108.14 4 22E+01 3 8.4E-07 4 NA 1 NA 1.0E-02
Methylphenol, 4— CH,,O0 4 108.14 4 49E+01 3 3.9E-07 4 NA 1 NA 1.0E~-02
Naphthalene CiHyg 4 128.17 4 1.6E+03 3 4.8E-04 4 6.8E—-02 1 NA . 6.9E-02
Nitrophenol, 4— CHNO, 3 139.11 3 3.7E+01 3 3.5E-06 3 NA 1 NA 6.1E-03
Perylene C,H;, 1 252.3 1 NR (9) NR (9) . NR (9) 1 NR (9) NR (9)
Phenanthrene CHyp 4 178.23 4 22E+04 3 3.9E-05 4 5.8E-02 1 NA 2.7E-01
Phenol CHO 4. 94.11 4 22E+01 3 1.3E-06 4 NA 1 NA 5.5E-03
Pyrene CiHyy, 4 202.26 4 7.3E+04 3 5.1E-06 4 NA 1 NA 5.3E-01
TCDD, 2,3,7,8—~ c,HClOo, 3 321.98 3 4.6E+06 3 5.4E~23 3 NA 1 0.04 "1.4E+00




TABLE 2-9 (cont.)
CHEMICAL, PHYSICAL, AND ENVIRONMENTAL FATE PARAMETERS
NCBC DAVISVILLE — SITE 09

Relative Dermal
) Molecular Ref. Molecular Ref. Ref. Henry's Law Ref.  Diffusivity in Absorption Factors (RAFs) Permability
Constituert Formula Note ~ Weight Note Koc Note Constant Note  Air (Da) (11) Oral (7) Dermal (8) Constant (Kp) (8)
(g/mol) (=) (atm*m3/mol) (cm2/s) (--) (=-) (em/hn)

PESTICIDES/PCBs ’ :
Aldrin ‘ C,HCls 4 364.91 4 41E+02 3 50E-04 4 NA 1 NA 1.6E-03
BHC, alppa— CHLCl, 4 29083 4 19E+03 3 53E-06 4 NA 1 NA - 1.4E-02
BHC, beta— CHCl, 4 29083 4 29E+03 3 - 23E-07 4 NA 1 NA 1.6E-02
BHC, gamma-— CHLCIl, 4 29083 4 NR (9) NR (9) NR (9) 1 NR-(9) NR (9)
Chlordane, alpha“ C,HsClg 4 40980 "4 3.3E+05 3 4.8E-05 4 NA 0.3 NA 5.2E—-02
Chlordane, gamma— CHsClg 4 409.80 4 G6.5E+05 3 NA 3 NA 0.3 NA 4.6E-02
DOD, 4,4~ C,HiCly 4 32005 4 44E+04 3 2.2E-05 4 NA 0.3 NA 2.8E-01
DOE, 4,4'- CiHcCl, 4 31903 4 6.2E+405 3 23E-05 4 NA 0.3 NA 2.4E-01
DDT, 4,4'— C,HCl, 4 35449 4 46E+05 3 39E-05 4 NA 0.3 NA 4.3E-01
Dieldrin CiH IO - 4 380.91 4 24E+04 3 59E-05 4 NA 0.3 NA 1.6E-02
Endosuffan || CHCIO,8 3 40692 3 34E+03 3 19E-05 3 NA 1 NA 2.3E-03
Endosulfan suffate CHCIOSs 3 42292 3 23E+03 3 NA 3 NA 1 NA 2.0E-03
Endrin C,HCIO 4 38092 4 B3E+03 3 40E-07 4 NA 0.3 NA 1.6E-02
Endrin aldehyde C,H IO 3 38092 3 27E+04 3 39E-07 3 NA 0.3 NA 8.6E-02
Endrin ketone (6) C,HCIO 4 38092 4 B83E+03 3 40E-07 4 NA 0.3 NA 1.6E-02
Heptachlor C,HsCl, 4 37332 4 22E+04 3 1.5E-03 4 NA 03 NA 1.9E-02
Heptachlor epoxide C,HCl,0 4 38932 4 21E+04 3 3.2E-05 4 NA 0.3 NA 3.2E-03
Hexachlorobenzene CcCly 4 28478 4 NR (9) NR (9) NR (9) 0.3 NR (9) NR (9)
Methoxychlor, p,p’'— C,H;sCho, 3 34566 3 B4E+04 3 NA 3 NA 0.3 NA 2.5E-02
Aroclor—1242 NA 3 26100 -3 NR (9) NR (9) NR (9) 0.3 NR (9) NR (9)
Aroclor—-1254 NA 3 32700 3 NR (9) NR (9) NR (9) 0.3 NR (9) NR (9)
Aroclor—1260 NA 3 370.00 3 2.6E+06. 3 7.1E-03 3 NA 0.3 0.06 7.1E-01

(1] Budavari et at (1990)
(2] Howard (1991)

[3) Montgomery and Welkum (1990)

[4) EPA (1992f)

[5] Values for benzo(b)fiuorathene

used
[6] Values igr endrin used’
(7] EPA (1983b)
{8] EPA (1992c)

[9] Not relevant; identified as a COC

only in shelffish
[10] Lewis (1992)

{11] Where Da = [1E-03 x TS x ((MWa + MWc) / (MWa x MWc))*3] / [P x (Va®* + Vc®¥%)?] from Eq. 17—-12 in Lyman et al. (1990);
shown only for volatile COCs with MW < 200 g/mol and Henry's Law constant > 1E—05 atm*m3/mol

Da = Diffusivity in air CScm/s

T = Temperature 293 °K

MAa = Molecular weight of air 29 g/mol
MWec = Molecular weight of chemical CS g/mol

P = Pressure 1atm

Va = Molarvolume of air 20 cm3/mol
V¢ = Molar volume of chemical

CS cm3/mol; estimated using Table 17 -4 in Lyman et al. (1990)
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TABLE 3—1
DATA COLLECTION FOR PHASE | AND Il INVESTIGATIONS
NCBC DAVISVILLE ~ SITE (8

Number of Samples
Phase | Phase I Phase | Total
.Surface Soll 18 ’ 230 ' NA 41 (&)
{(<=2fest) (a)
Substrface Sol s 10 NA 19
(>2—10fest) (b) , A
Ground Water (c) 8 19.(1) NA 27 (1)
Surface Water (d) 0 4 NA 4
Clam (g) 9 18 1. 28
‘Mussel /) 2 18 0 20
Oyster 3 ' 0 0 _ 3
‘Other (g,h) 8 4 NA 12

(#) = Number of duplicate samples collected
NA = Not Applicable .
{8) Phase | suface sall samples collected at depths of 0—.5 and 0-2 feet below grade.
Phase Il surface soil samples collected at depths of 0—1, 0.5—~1,and 0—2 fest below grade.
{b) Subsurface soll samples collected down 1o a depth of 46 feet:
Only samples caollected from 0—10 feet are included in the quantitative risk assessment
() Unfittered :
(d) Callected from the Allen Harbor drainage system near the Allen Harbor Landfill
(e) Hard—shell and soft shell clams
(/) Deployed blue mussels
(Q) Four sediment samples and four aqueous seeps samples collected during Phase |
(h) Four sediment samples taken during Phass Il




TABLE 3-2

SUMMARY STATISTICS FOR CONSTITUENTS ANALYZED FOR PRESENCE IN SURFACE SOIL (0 TO 2 FEET)

NCBC DAVISVILLE — SITE 09

Frequency Minimum Maximum Location(s) Geometric
Number Times of Detected Detected of Maximum Mea
Constituent of Samples Detected Detection Concentration Concentration Detect Concentratio
(mg/kg) (mg/kq) (mg/kg)
INORGANICS . f
Aluminum 41 41 1.00 2.36E+03 3.79E+04 $-09-05-00-S 5.7E+03
Antimony a1 9 0.22 9.70E+00 . 6.53E+01 S$-09-02-00-S 1.2E+01
Arsenic a1 34 0.83 9.30E-01 3.25E+01 §-09-02-00-S 2.6E+00
Barium 41 41 1.00 7.10E+00 1.19E+03 S§-09-05-00-S 3.6E+01
Beryllium 41 32 0.78 2.50E-01 7.54E+01 S-09-05-00-S 1.1E+00
Cadmium 41 29 0.71 3.10E-02 1.72E+02 09-B2-01 1.7E+00
Calcium 41 36 0.88 2.12E+02 3.28E+04 S§-09-05-00-S 1.2E+03
Chromium 41 41 1.00 3.00E+00 9.55E+02 S$-09-05-00-S 2.1E+01
Cobalt 41 39 0.95 1.90E+00 4.31E+02 S-09-05-00-S 9.4E+00
Copper 41 35 0.85 2.70E+00 2.47E+04 §-09-05-00-S 9.6E+01
Cyanide 41 4 0.10 5.40E—01 1.10E+00 TP-1-00-S 5.8E-01
Iron . 41 41 1.00 6.06E+03 3.69E+05 S-09-02-00-S 2.0E+04
Lead . 41 41 1.00 3.80E+00 8.71E+03 S-09-05-00-S 1.1E402
Magnesium 41 41 1.00 3.73E+02 1.46E+04 . S-09-05-00-S 1.6E+03
Manganese 41 41 1.00 2.26E+01 2.92E+03 S$-09-05-00-S 1.9E+02
Mercury 41 17 0.41 1.10E-01 2.80E+00 09-MW1101 2.1E-01
Nickel 41 28 0.68 4.70E+00 4.21E+03 S—-09-05-00-S 2.9E+01
Potassium 41 21 0.51 2.73E+02 1.96E+03 S$-09-05-00-S 5.6E+02
Selenium 39 4 0.10 9.70E-01 ~ 3.20E+00 S-09-05-00-S 9.4E-01
Silver 41 27 0.66 5.50E-02 3.31E+01 §-09-05-00-S 7.5E-01
Sodium 41 22 0.54 4,56E+01 1.07E+04 S-09-03-00-S 3.4E+02
Thallium 41 1 0.02 3.50E-01 3.50E-01 TP—-9-00-S 6.7E-01 *
Vanadium 41 40 0.98 4.50E+00 1.34E+02 S$-09-01-00-S 1.8E+01
Zinc 41 38 0.93 1.44E+01 3.43E+04 S$-09-05-00-S 2.8E+02
VOLATILES
1,1-Dichloroethane 41 0 ND - - - -
1,1-Dichloroethene 41 o] ND - - - -
1,1,1—Trichloroethane 41 3 007 - 2 OOE 03 4.00E-03 09-SS07 7.7E-03%
1,1,2-Trichloroethane 41 0 ND -— - -— -
1,1,2,2-Tetrachloroethane 41 0 ND - - - -
1,2-Dichloroethane 41 0 ND —— - - -
1,2-Dichloroethene(Total) 41 0 ND —— —— —— ——
1,2—Dichloropropane 41 0 ND - - - ——
2-Butanone 41 0 ND - - - -
2—Hexanone 41 0 ND - - - -
4—-Methyl-2—pentanone 41 0 ND - - e -
Acetone 41 9 0.22 1.10E-02 1.10E-01 3$-09-01-00-S 1.7E-02
Benzene 41 0 ND - - - -
Bromodichloromethane 41 o] ND ' - —_— - -
Bromoform 41 0 ND - - - -
Bromomethane 41 0 ND - - - -
Carbon disulfide 41 0 ND - - - -
Carbon tetrachloride 41 0 ND - - - -
Chlorobenzene 41 0 ND -— —-— - -
Chloroethane 41 0 ND . - - - -
Chloroform 41 7 0.17 1.00E-03 1.60E-02 $-09-03-00-S 6.9E-03
Chloromethane 41 0 ND . - ) - - -
Cis—1,3—Dichloropropene 41 0 ND - - - -
Dibromochloromethane . 41 0 ND - -— - -
Ethylbenzene 41 0 ND —— - - -
Methylene chloride 41 0 ND - - - -
Styrene 41 0 ND — - - -
Tetrachloroethene 41 3 0.07 1.00E-03 1.20E-02 09-B1-0t 7.6E-03
Toluene 41 3 0.07 2.00E-03 3.00E-03 09—MW5-01 4.0E-03*
Trans—1,3—Dichloropropene 41 0 ND ' - —— - ——
Trichloroethene 41 0 ND - - - -
Vinyl acetate 18 0 ND == - - -
Vinyl chloride 41 0 ND - -= -= -
Xylenes (Total) 41 0 ND - - - —-—




TABLE3 2 (cont)
SUMMARY STATISTICS FOR CONSTITUENTS ANALYZED FOR PRESENCE IN SURFACE SOIL (0 TO 2 FEET)
NCBC DAVISVILLE - SITE 09 .

Frequency Minimum Maximum Location(s) Geometric
Number Times of Detected Detected of Maximum Mean
Constituent of Samples Detected Detection Concentration Concentration Detect Concentration
(mg/kg) (mg/kg) (mg/kg)
SEMIVOLATILES
1,2-Dichlorobenzene 40 0 ND - - - -
1,2,4—Trichlorobenzene 40 1 0.03 2.40E-01 2.40E-01 09-MW1101 4.1E-01 *
1,3—Dichlorobenzene 40 0 ND - - - -
1,4—~Dichlorobenzene 40 0 ND - - - -
2-Chloronaphthalene 40 (o] ND - - —— —
"2—Chlorophend 40 0 ND - - -— -
2—-Methylnaphthalene 4 7 0.17 4.20E-02 4.30E+00 09—-B7-01 3.7E-01
2—Methylphenol 40 0 ND -— - -— -
2-Nitroaniline 40 0 ND - - -— -
2—Nitrophenad 40 0 ND - - - -
2,4-Dichlorophenadl 40 0 ND -— - - —-—
2,4—Dimethylphencl 40 1 0.03 3.70E-01 3.70E-01 09 B7-01 4.0E-01*
2,4—Dinitrophenal 40 0 ND - - - -
2,4-Dinitrotoluene 40 0 ND - - - -
2,4,5-Trichlorophenol 40 0 ND - - - -
2,4,6-Trichlorophenol 40 0 ND - - - -
2,6-Dinitrotoluene 40 4] ND -— - - -
3—Nitroaniline 40 0 ND - -— - -—
3,3'—Dichlorobenzidine 40 0 ND - - -— -—
4—Bromophenyl phenyl ether 40 0 ND - - - -
4—~Chloro—3—methylphenol 40 0 ND -- - - -
4-—-Chloroaniline 40 0 ND - -— - -
4-Chlorophenyl phenyl ether 40 0 ND - - - -
4—Methylphenol 40 1 0.03 5.70E-01 5.70E-01 09—-B7-01 4.3E-01
4-~Nitroaniline 40 0 ND o —- - - -
4—Nitrophenal 40 0 ND - - - -—
4,6—Dinitro—2—methylphenol 40 0 ND - - - -
Acenaphthene 41 24 0.59 3.80E-02 1.40E+01 09-B7-01 3.1E-01
Acenaphthylene 40 5 0.13 3.60E-02 9.10E-01 09—-B7-01 3.8E-01
Anthracene 41 25 0.61 5.10E-02 2.15E+01 09—-MW5-01" 4.2E-01
Benzoic acid 18 7 0.39 4.90E-02 8.70E-01 TP-1-00-S 4.7E-01
Benzo(a)anthracene 41 30 0.73 4.40E-02 6.90E+01 09-B7-01 7.8E-01
Benzo(a)pyrene 41 29 0.71 7.10E-02 4.50E+01 09-87-01 6.9E-01
Benzo(b)fluoranthene 26 18 0.69 1.20E-01 1.10E+02 09-B7-01 1.4E+00
Benzo(b/k)fluoranthene 15 13 0.87 4.20E-02 3.80E+00 TP-3-00-S 6.0E-01
Benzo(g,h,i)perylene 41 26 0.63 7.00E-02 2.90E+01 09-MW5-01 4.7E-01
Benzo(k)fluoranthene 23 16 0.70 1.30E-01 1.10E+02 09-B7-01 1.7E+00
Benzyl alcohol 18 0 ND - - : - -
Bis(2—chloroethoxy)methane 40 (o} ND - - -- -
Bis(2—chloroethyl)ether 40 0 ND - - -— -
Bis(2—chloroisopropyl)ether 40 0 ND - -— -— -
Bis(2—ethylhexyl)phthalate 40 22 0.55 §.60E—-02 2.30E+00 09-SS-05 4.2E-01
Butyl benzyl phthalate 40 7 0.18 3.40E-02 3.30E-01 09-B3-01 3.2E-01
Carbazole 23 14 0.61 7.50E-02 1.80E+01 09-B7-01 5.3E-01
Chrysene 41 30 0.73 5.10E-02 6.30E+01 09-B7-01 7.6E-01
Dibenzofuran ) 41 21 0.51 4.00E-02 8.40E+00 09-B7-01 2.1E-01
Dibenzo(a,hjanthracene 40 24 0.60 5.10E—-02 6.50E+00 09-B3-01 2.8E-01
Diethyl phthalate 40 1 0.03 6.40E-02 6.40E-02 09-MW11-01 2.3E-01*
Dimethyi phthalate 40 0 ND —_ - - -
Di—n—butyl phthalate 40 11 0.28 4.00E-02 5.70E+00 TP-6-00-S 3.6E-01
Di—n-—octyl phthalate 40 0 ND - - - -
Fluoranthene 41 30 0.73 4,80E-02 1.40E+02 09-B7-01 1.2E+00
Fluorene 40 23 0.58 "3.90E-02 1.50E+01 09-B7-01 2.5E-01
Hexachlorobenzene 40 0 ND - - - -
Hexachlorobutadiene 40 0 ND - - - -
Hexachlorocyclopentadiene 40 0 ND - - - ——
Hexachloroethane 40 0 ND - -— N -—— -
Indeno(1,2,3—cd)pyrene 41 28 0.68 7.50E-02 2.35E+01 09-MW5-01 4.6E-01
Isophorone 40 0 ND - - - -
Naphthalene 41 14 0.34 4,10E-02 9.30E+00 09-B7-01 3.2E-01
Nitrobenzene 40 0 ND - - - ——
N-—Nitroso—di—n—propylamine 40 0 NO - —- - -
N —Nitrosodiphenylamine 40 0 ND - - - -
Pentachlorophenol 40 2 0.05 5.20E-02 9.80E-02 09—-MW11-01 5.2E-0t1 *
Phenanthrene 41 29 0.71 5.20E~02 1.30E+02 09-B7-01 1.0E+00
Phenol 40 0 ND -— - - -
Pyrene 41 31 0.76 4.50E-02 1.20E+02 09-B7-01 9.9E-01
2,3,7,8—TCDD 6 5 0.83 2.07E-04 2.28E-04 09-SS01 2.1E-04




TABLE 3—2 (cont.)
SUMMARY STATISTICS FOR CONSTITUENTS ANALYZED FOR PRESENCE IN SURFACE SOIL (0 TO 2 FEET)
. NCBC DAVISVILLE — SITEO09

Frequency

Geometric

Minimum Maximum Location(s)
Number Times of Detected Detected of Maximum Mea
Constituent of Samples Detected Detection Concentration Concentration Detect Concentratio
(mg/kg) (mg/kg) (ma/kg)
PESTICIDES/PCBs .

4,4'-DDD 41 15 0.37 8.00E-04 9.50E-02 09-B6-01 1.2E-02
4,4'-DDE 41 16 0.39 2.30E-04 1.60E-02 09-B6-01 1.0E-02
4,4'-DDT 41 12 0.29 4.30E-04 5.95E-02 © 09—-SS05 1.7E-02
Aldrin 40 0 ND - - - -
Alpha chlordane 41 1 0.27 7.00E-05 2.80E-02 09--SS01 1.4E-02
Alpha-BHC 41 2 0.05 8.40E-05 9.80E-05 09-MW9-01 3.3E-03*
Beta—BHC 41 3 0.07 1.00E—-03 2.10E-02 B-09-01-00-S 6.9E-03
Deita—BHC 41 1 0.02 7.60E-04 7.60E-04 09-B7-01 3.5E-03*
Dieldrin 41 11 0.27 2.00E-04 5.40E-02 09-B1-01 9.0E-03
Endosulfan | 41 2 0.05 9.00E-03 1.12E-02 09-MWS5-01 6.8E-03
Endosulfan il 41 6 0.15 1.70E-04 7.40E-03 09-B7-01 7.4E-03*
Endosulfan sulfate 41 8 0.20 6.20E-04 3.30E-02 09-B1-01 1.1E-02
Endrin 41 8 0.20 9.80E-05 2.40E-02 09-B7-01 9.3E-03
Endrin aldehyde 23 10 0.43 4.50E-04 1.10E-01 09-B7-01 5.3E-03
Endrin ketone 41 4 0.10 3.00E-04 5.70E-02 09-B7-01 1.2E-02
Gamma chlordane 41 13 0.32 1.90E-04 2.30E-02 09-SS01 1.3E-02
Gamma-BHC (Lindane) 40 0 ND - - - -
Heptachlor 40 4 0.10 9.10E-05 1.40E-03 08—-MW10-01 5.6E-03*
Heptachlor epoxide 41 7 0.17 4.50E-04 2.90E-02 09-B1-01 6.1E-03
Aroclor—-1016 41 0 ND - - -— -
Aroclor—1221 41 0 ND - - —— -
Aroclor—1232 a1 0 ND -— -- - -
Aroclor—1242 41 0 ND - —_—— - -
Aroclor—1248 41 0 ND - - —— -
Aroclor—1254 41 1 0.02 2.60E+00 2.60E+00 TP-3-00-S 1.4E-01
Aroclor—1260 41 13 0.32 1.70E-02 3.00E+01 09-MW1101 2.0E-01
p.p’'—Methoxychlor 41 5 0.12 4.00E-04 6.30E-01 09-B7-01 5.4E-02
Toxaphene 41 0 ND - - - - -

ND = Not detected

* = Mean exceeds maximum detected concentration as a result of sample quantitation limits (SQLs) reported for this constituent
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TABLE3-3
SUMMARY STATISTICS FOR CONSTITUENTS ANALYZED FOR PRESENCE IN SUBSURFACE SOIL (2 TO 10 FEET)
NCBC DAVISVILLE — SITE 09

Location(s)

Frequency Minimum Maximum . Geometric
Number Times. of Detected Detected of Maximum Mean
Constituent of Samples Detected Detection Concentration Concentration Detect Concentration
. i (mg/kg) (mg/kg) (mg/kg)

INORGANICS ‘
Aluminum 20 20 1.00 3.06E+03 " 1.83E+04 09-MW8-04 6.0E+03
Antimony 20 5 0.25 " 1.25E+01 8.98E+01 09-MW8-04 1.3E+01
Arsenic 20 20 1.00 8.70E-01 1.36E+01 09-MW8-04 3.1E+00
Barium 20 20 1.00 5.10E+00 - 6.79E+02 TP-3-06-S 5.5E+01
Beryllium 20 16 0.80 2.20E-01 5.60E+00 09-MW7-02 1.1E+00
Cadmium 20 18 0.75 2.60E-02 5.63E+01 09-MW8-04 3.5E+00
Calcium 20 19 0.95 2.01E+02 2.15E+04 09-MW5-04 2.3E+03
Chromium 20 20 1.00 3.40E+00 1.54E+02 09-MW8-04 1.9E+01
Cobalt 20 20 1.00 2.50E+00 2.64E+01 09-MW7-02 8.9E+00
Copper 20 18 0.80 " 7.40E+00 2.75E+03 TP-8-06-S 1.0E+02
Cyanide 20 0 ND - - - -
Iron 20 20 1.00 6.85E+03 1.56E+05 09-MW8-04 1.7E+4+04
Lead 20 20 1.00 3.40E+00 2.13E+03 09-B7-04 1.3E+02
Magnesium 20 20 1.00 5.94E+02 5.99E+03 09-B7-04 1.4E+03
Manganese 20 20 1.00 5.82E+01 1.27E+03 09-MW8-04 1.9E+02
Mercury 20 1 055 - 1.30E-01 1.70E+00 09-MW8-04 2.3E-01
Nickel 20 17 0.85 5.90E+00 2.27E+02 09—-MW8-04 3.0E+01
Potassium 20 1 0.55 1.99E+02 1.62E+03 09-B7-04 5.3E+02
Selenium 19 0 ND - - - -
Silver 20 13 0.65 2.90E-01 3.49E+01 09-MW8-04 1.5E+00
Sodium 20 8 0.40 4,15E+01 2.64E+03 09-B7-04 3.4E+02
Thallium 20 2 0.10 5.10E-01 6.90E-01 TP-8-06-S 6.0E-01
Vanadium 20 20 1.00 4,20E+00 8.23E+02 09-MW8-04 2.3E+01
Zinc 20 18 0.90 1.95E+01 3.08E+03 09-8B7-04 3.3E+02

VOLATILES

1,1-Dichloroethane 20 0 ND - - - -
1,1-Dichloroethene 20 (o] ND - - - —_
1,1,1-Trichloroethane 20 1 0.05 2.00E-03 2.00E-03 09-MW8-04 7.8E-03
1,1,2—Trichloroethane 20 0 ND - - - -
1,1,2,2-Tetrachloroethane 20 0 ND - - - -
1,2—Dichloroethane 20 0 ND - - - -
1,2-Dichloroethene(Total) 20 0 ND - - —— -
1,2-Dichloropropane 20 (o} ND - - - -
2—Butanone 20 2 0.10 6.00E-03 1.80E+02 TP-6-02-S 2.0E-02
2-Hexanone 20 0 ND . - - - -
4—Methyl-2-pentanone 20 0 ND - - - -
Acetone 20 7 0.35 8.00E-03 5.80E+01 TP-6-02-S 47E-02
Benzene 20 2 0.10 3.20E-02 1.50E+00 TP-6-02-S 1.3E-02
Bromodichloromethane 20 0 ND - — -— -
Bromoform 20 0 ND - - -— -
Bromomethane 20 0 ND - - - -
Carbon disulfide 20 0 ND - —— - -
Carbon tetrachloride 20 0 ND e - - -
Chlorobenzene 20 -3 0.15 2.00E--03 1.80E~-01 09—-MW1105 1.6E-02
Chloroethane 20 0 ND - - - -
Chloroform 20 2 0.10 2.00E-03 2.00E-03 TP—-3-06-S,TP-9-08-¢ 7.7E-03
Chloromethane 20 0 ND - - - . -
Cis—1,3—Dichloropropene 20 0 ND —_— -— - -
Dibromochloromethane 20 0 ND - - - -
Ethylbenzene 20 6 0.30 2.00E-03 9.10E+02 TP-6-02-S 1.5E-02
Methylene chloride 20 1 0.05 5.60E+01 5.60E+01 TP-6-02-S 3.9E-02
Styrene 20 o ND . - - C-= —
Tetrachloroethene 20 2 0.10 2.00E-03 2.00E-03 09-MWS,8-04 1.3E-02
Toluene 20 6 0.30 2.00E-03 1.50E+04 TP-6-02-S 1.4E-02
Trans—1,3-Dichloropropene 20 0 ND - - -— Cm——
Trichloroethene 20 4 0.20 1.00E-03 3.80E+00 TP~-6-02-S - 1.0E-02
Vinyl acetate 10 0 ND - - - -
Viny! chloride 20 0 ND - - - -
Xylenes (Total) 20 9 0.45 - 1.00E-03 4.20E+03 TP-6-02-S 2.4E-02




- TABLE 3-3 (cont.)
SUMMARY STATISTICS FOR CONSTITUENTS ANALYZED FOR PRESENCE IN SUBSURFACE SOIL (2 TO 10 FEET)
NCBC DAVISVILLE — SITE 09

Frequency Minimum Maximum . Location(s) Geometric
Number Times of Detected Detected of Maximum Mea
Constituent of Samples Detected Detection Concentration Concentration Detect Concentratio
(mg/kg) (mg/kg) (mg/kg)
SEMIVOLATILES
1,2—Dichlorobenzene 20 2 0.10 5.90E-02 4.30E+00 TP-6-02-S 6.3E-01
1,2,4—Trichlorobenzene 20 1 0.05 4.60E-02 4.60E-02 TP-5-06-S 3.6E-01 *
1,3-Dichlorobenzene ‘20 0 - ND - - - -
1,4--Dichlorobenzene 20 3 0.15 7.30E-02 8.40E—-01 09-MW1105 6.5E-01
2-Chloronaphthalene 20 0 ND - - - -—
2-Chlorophend 20 0 ND - - - -—
2—Methylnaphthalene 20 11 0.55 1.90E-0t1 5.00E+00 ) 03-B7-04 71E-01
2—Methylphenol 20 1 0.05 §.80E-02 5.80E-02 09-MWB-04 3.6E-01*
2—Nitroaniline 20 0 ND - - -— -
*I| 2—Nitrophenadl 20 0 ND - - - -
2,4—Dichlorophenol 20 0 ND - - —— -
2,4—Dimethylphenol 20 0 ND - - - -
2,4-Dinitrophend 20 o] ND - - - -—
2,4-Dinitrotoluene . 20 o] ND - - - -
2,4,5-Trichlorophenol 20 0 ND -— -— - -
2,4,6-Trichlorophenol 20 0 ND - - - -
2,6-Dinitrotoluene 20 0 ND - - - -
3—Nitroaniline 20 0 ND -— - - -
3,3'—Dichlorobenzidine 20 o] ND —— - - -
4~Bromophenyl phenyl ether 20 0 ND - - —-— -
4-Chloro—3-methylphenol 20 0 ND - - - —-—
4—Chloroaniline 20 0 ND - -— -— ——
4-Chlorophenyl phenyl ether 20 0 ND - - - ——
4—Methylphenol 20 2 0.10 2.00E-01 2.80E-01 TP-6-02-S 3.2E-01 *
4—Nitroaniline 20 0 ND - - - -
4—Nitrophendl 20 0 ND - - - —-—
4,6-Dinitro—2-methylphenol 20 0 ND - ' - - -—
Acenaphthene 20 12 0.60 6.50E-02 1.70E+01 09-MW1105 4.6E-01
Acenaphthylene 20 2 0.10 4.70E-02 5.10E-02 09-MW8—-04 3.1E-01
Anthracene 20 14 0.70 . 1.30E-01 2.30E+01 09—-MW1105 5.1E-01
Benzoic acid 10 0 ND - - - -
Benzo(a)anthracene 20 16 0.80 1.70E-01 4.10E+01 08-MW1105 1.1E+00
Benzo(a)pyrene 20 15 0.75 1.30E-01 2.20E+01 09-MW1105 9.6E-01
Benzo(b)fluoranthene ’ 12 8 0.67 1.40E-01 4.10E+01 09-MW1105 - 1.4E+00
Benzo (b/k)fluoranthene 8 7 0.88 3.90E-01 ' 9.50E+00 TP-6-02-S 1.6E+00
Benzo(g,h,i)perylene 20 12 . 0.60 4.10E-02 1.50E+01 09-MW1105 6.3E-01
Benzo(k)fluoranthene 1" 8 0.73 9.20E-02 4.10E+01 09-MW1105 1.5E+00
Benzyl alcohol - 10 0 ND - - ) -— -
Bis(2—chloroethoxy)methane 20 0 ND - —— . - -
Bis(2—chloroethyl)ether 20 0 ND - - - -
Bis(2—chloroisopropyl)ether 20 1 0.05 6.50E-02 6.50E—-02 09-MW8-04 3.5E-01 *
Bis(2—ethylhexyl)phthalate 20 12 0.60 6.40E-02 - 3.30E+01 TP-6-02-S 1.0E+00
Buty! benzyl phthalate . 20 7 0.35 5.80E-02 8.30E+00 TP—-6-02-S 5.1E-01
Carbazole 10 6 0.60 6.60E-02 1.00E+01 09-MW1105 6.3E—01
Chrysene ’ 20 16 0.80 1.60E-01 2.10E+01 09-MW1105 1.0E+00
Dibenzofuran 20 10 0.50 9.20E-02 1.20E+01 09-MW1105 4.6E-01
Dibenzo(a,h)anthracene 20 9 0.45 9.00E-02 6.40E+00 ’ 09-MW1105 ~  5.4E-01
Diethyl phthalate ] 20 2 0.10 4.30E-02 4.40E-02 09-B7-04 3.2E-01*
Dimethyl phthalate 20 0 ND - . - - -
Di—n-butyl phthalate 20 6 0.30 §5.20E-02 1.30E+00 . TP-6-02-8 4.4E-01
Di—n-octyl phthalate 20 0 ND - - - -
Fluoranthene 20 16 0.80 1.70E-01 9.40E+01 09-MW1105 1.8E+00
Fluorene 20 13 0.65 6.50E-02 1.80E+01 09-MW110§ 4.5E-01
Hexachlorobenzene 20 o ND C—— - -— -
Hexachlorobutadiene 20 ] ND == - - -
Hexachlorocyclopentadiene . 20 0 ND - - - -
Hexachloroethane 20 0 ND - - f—— -
Indeno(1,2,3~cd)pyrene . 20 13 0.65 470E-02 ° 1.50E+01 09—-MW1105 5.9E-01
Isophorone 20